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BEFORE THE PUBLIC UTILITIES COMMISSION 

OF THE STATE OF HAWAII 

In the Matter of 

PUBLIC UTILITIES COMMISSION 

Instituting a Proceeding to Investigate 
the Implementation of Feed-in Tariffs 

DOCKETNO. 2008-0273 

COMMENTS OF ZERO EMISSIONS LEASING LLC 
ON RELIABILITY STANDARDS 

ZERO EMISSIONS LEASING LLC ("Zero Emissions") respectfially submits the 

following comments on the reliability standards contained in the Proposed Reliability 

Standards of Clean Energy Maui LLC ("Clean Energy Maui" or "CEM") and Zero 

Emissions Leasing LLC ("Zero Emissions" or "ZEL") filed on February 4, 2010 (the 

"CEM/ZEL Reliability Standards"), the reliability standards contained in Blue Planet 

Foundation's Reliability Standards filed on February 8, 2010 (the "BPF Reliability 

Standards"), and the HECO Companies' Reliability Standards Report filed by Hawaiian 

Electric Company, Inc. ("HECO"), Hawaii Electric Light Company, Inc. ("HELCO") and 

Maui Electric Company, Limited ("MECO") (HECO, HELCO and MECO collectively, 

the "HECO Companies") on February 8, 2010 (the "HECO RS Report"), as elaborated by 

the HECO Companies' proposal, filed February 26, 2010, to convene a Reliability 

Standards Working Group (the "HECO RSWG Proposal"), in the above-referenced 

proceeding: 



I. OVERVIEW 

In its Decision and Order filed September 25, 2009 (the "D&O"), the Commission 

stated that feed-in tariffs ("FITs") "were a possible mechanism 'to dramatically 

accelerate the addition of renewable energy from new sources' and to 'encourage 

increased development of alternative energy projects'." D&O at 13. The Commission 

said that it "will direct the HECO Companies to adopt FITs in their respective service 

territories ... consistent with the principles described below." D&O at 17. Those 

principles included a requirement that the HECO Companies "adopt standards that 

establish when addifional renewable energy can or cannot be added on an island or region 

therein without markedly increasing curtailment, either for existing or new renewable 

projects. FIT generation should meet new load requirements and displace fossil fuel 

generation..." [emphasis added] D&OaX50-5\. 

The National Renewable Energy Laboratory' has defined a "Feed-in Tariff (FIT)" 

as: 

A renewable energy policy that typically offers a guarantee of: 

L Payments to project owners for total kWh of renewable electricity 

produced 

2. Access to the grid; and 

3. Stable, long-term contracts (15-20 years) [emphasis in original] 

Feed-in tariffs ("FITs") accelerate the addifion of renewable energy from new 

sources and encourage increased development of alternative energy projects by obliging 

the utility to interconnect such projects (i.e., a guarantee of access to the grid, provided 

' Karlynn Cory, "Renewable Energy Feed-in Tariffs: Lessons Learned from the U.S. and Abroad (National 
Renewable Energy Laboratory, November 18, 2009), accessed at 
http://www.cleanenerevstates.org/Meetings/RPS Summit 09/Corv RPS Summit2009.pdf. 

http://www.cleanenerevstates.org/Meetings/RPS


the utility's reliability requirements are met), and by obliging the utility to purchase such 

renewable energy at a fixed long-term rate {i.e., a guarantee of payments to project 

owners for total kWh of renewable electricity produced). FITs encourage accelerated 

development of renewable energy projects because these utility obligations give project 

developers the revenue certainty that they need to obtain financing for their projects. 

FITs create revenue certainty by creating price certainty and quantity certainty. 

FITs create price certaint>' by specifying a fixed long-term rate at which the ufility is 

obliged to purchase renewable energy. FITs create quantity certainty by obliging the 

utility to interconnect the renewable energy project (provided reliability requirements 

such as Rule 14H are met) for delivery of renewable energy to the ufility, and by obliging 

the utility to purchase quantifies of renewable energy generated by the project. 

In creating a utility obligation under a FIT to intercoimect as-available 

(intermittent) renewable energy generation (such as in-line hydropower, concentrating 

solar power, photovoltaic solar power and onshore windpower) to the utility's electric 

system, the Commission needs to know how much as-available renewable energy cou/d 

be added to the grid of each island without compromising the reliability ofthe utility's 

electric system. The amount of as-available renewable energy that could be added to the 

grid of each island without compromising electric system reliability will depend on the 

regulating capacity ofthe utility's must-run and dispatchable no/i-renewable (i.e., fossil 

fuel) generafion, taking into account any displacement ofthe utility^s dispatchable non­

renewable generation by the added as-available renewable energy generation. 

In creating a ufility obligation to purchase as-available renewable energy, the 

Commission needs to know: Ofthe amount of as-available renewable energy that could 



be added to the grid of each island without compromising electric system reliability, how 

much of that amount should be added to the grid based on economic considerations? 

The amount of as-available renewable energy that should be added to the grid will 

depend on the economic costs and benefits ofthe added as-available renewable energy 

relative to any dispatchable non-renewable energy displaced by the added as-available 

renewable energy. 

To determine a proper cap on the amount of as-available renewable energy that 

the utility should be obliged to purchase under a FIT, the Commission needs answers to 

the following two questions: 

Question 1: How much as-available renewable energy could be added to the grid 

of each island without compromising electric system reliability based on the 

regulating capacity ofthe utility's must-run and dispatchable non-renewable 

generation, taking into account any displacement ofthe utility's dispatchable non­

renewable generation by the added as-available renewable energy generation? 

Question 2: How much ofthe as-available renewable energy that could be 

added to the grid of each island without compromising electric system reliability 

should the utility be obliged to purchase based on the relative costs and benefits 

ofthe added as-available renewable energy and any dispatchable non-renewable 

energy displaced by the added as-available renewable energy? 

Because the answer to Question 2 depends on the answer to Question 1, the 

Commission needs an answer to Question I to determine a proper cap on the amount of 

as-available renewable energy that the ufility should be obliged to purchase under a FIT. 

Without an answer to Quesfion 1, any cap on the amount of such as-available renewable 



energy, such as the Commission's initial cap equal to 5% of 2008 peak demand (D&O at 

55), will be based on a guess by the Commission as to the amount of as-available 

renewable energy that could be added to the grid of each island without compromising 

electric system reliability. Without an answer to Quesfion 1, the effective cap on the 

amount of such as-available renewable energy will be zero because the Commission 

cannot be sure that any addition of as-available renewable energy will not compromise 

the reliability ofthe utility's electric system. 

The Commission recognized early on that an answer to Question 1 was necessary 

for the Commission to make an informed determinafion of how much as-available 

renewable energy the utility should be obliged to purchase imder a FIT. In PUC-IR-1, 

the Commission asked the Hawaiian Electric Companies: 

For each island, with the current levels of demand, transmission, and supply 
resources, what is the maximum amount of total and additional intermittent 
resources that can be accommodated without compromising reliability? 

The Commission characterized the Hawaiian Electric Companies' response to 

PUC-IR-1 as follows (DtfeO at 49): 

Citing the multiplicity of factors incorporated into reliability determinations, the 
HECO Companies declined at the panel hearing and in their submissions to define 
how much renewable energy each island could incorporate. 

As a result ofthe Hawaiian Electric Companies' refusal to answer Question 1 (as 

put to the Hawaiian Electric Companies in the form of PUC-IR-1), the Commission set 

an initial cap, on the amount of as-available renewable energy that the ufility would be 

obliged to purchase under a FIT (D&O at 55), based on a guess that as-available 

renewable energy in an amount equal to 5% of 2008 peak system demand could be added 

to the grid of each island without compromising electric system reliability. 



In directing the Hawaiian Electric Companies 

to develop reliability standards for each company, which should define most 
circumstances in which FIT projects can or carmot be incorporated on each island. 
... The standards should complement existing standards, including those in the 
HECO Companies' tariff Rule 14, and should provide greater predictability with 
respect to reliability issues for developers. ... (D&O at 50) 

and in directing the Hawaiian Electric Companies 

to adopt standards that establish when addifional renewable energy can or cannot 
be added on an island or region therein without markedly increasing curtailment, 
either for existing or new renewable projects. FIT generafion should meet new 
load requirements and displace fossil fuel generation ... " [emphasis added] 
(Dc&O at 50-51): 

the Commission did three things: 

First, the Commission explicitly recognized that Rule I4H provided a reliability 

standard for determining whether the addition of a given amount of as-available 

renewable energy to the grid of an island or region would compromise the reliability of 

the utility's electric system. 

Second, the Commission implicitly acknowledged that the inifial 5% system cap 

was based on a guess. 

Third, the Commission deferred, until the "Reliability Standard" phase ofthe 

proceeding, the obtaining of an answer to Quesfion 1 - to determine how much as-

available renewable energy could be added to the grid of each island without 

compromising reliability - and an answer to Question 2 — to determine how much ofthe 

as-available renewable energy that could be added to the grid of each island without 

compromising reliability should be added and purchased by the utility based on the 

relafive costs ofthe as-available renewable energy and any dispatchable non-renewable 

energy displaced by the as-available renewable energy. 



n. THE CEM/ZEL RELIABILITY STANDARD COMPLIES WITH THE 
SEPTEMBER 25, 2009 DECISION & ORDER. 

In response to the Commission's directions at pp. 50-51 ofthe D&O, Clean 

Energy Maui and Zero Emissions proposed the CEM/ZEL Reliability Standards, at 

Appendix III to the CEM/ZEL Schedule FIT, having two parts: "Technical 

Requirements for Interconnection" and "Reliability Standard for Curtailment." 

The CEM/ZEL "Technical Requirements for Interconnection" re-iterate the 

Hawaiian Electric Companies' own technical requirements for interconnection of 

distributed generafing facilities in Rule 14H. The CEM/ZEL 'Technical Requirements 

for Interconnection" have the same purpose as the technical requirements under Rule 

14H: "To maintain the reliability ofthe ufility system for all ufility customers." The 

CEM/ZEL "Technical Requirements for Interconnecfion," like the Hawaiian Electric 

Companies' own reliability standards in Rule 14H, provide an adequate technical basis 

for determining whether the addifion of a given amount of as-available renewable energy 

to the grid of each island would compromise the reliability ofthe utility electric system, 

and, therefore, determining an answer to Question 1. 

The purpose ofthe CEM/ZEL "Reliability Standard for Curtailment" is to specify 

a cap on the amount of as-available renewable energy that the utility should be obliged to 

purchase under a FIT, i.e.. an answer to Question 2, based on the ufility's answer to 

Question 1, i.e., how much as-available renewable energy COMW be added to the grid of 

each island without compromising electric system reliability based on the regulating 

capacity ofthe ufility's must-run and dispatchable non-renewable generation, taking into 



account any displacement ofthe utility's dispatchable non-renewable generation by the 

added as-available renewable energy generation. 
•J 

To "fill-in-the-blanks" ofthe CEM/ZEL "Reliability Standard for Curtailment", 

and find out how much as-available renewable energy could be added to the grid of each 

island without compromising electric system reliability based on the regulating capacity 

ofthe utility's must-run and dispatchable non-renewable generation, taking into account 

any displacement ofthe ufility's dispatchable non-renewable generafion by the added as-

available renewable energy generation, Zero Emissions submitted ZE-IR-107 to the 

Hawaiian Electric Companies. 

As with PUC-IR-1, the Hawaiian Electric Companies declined, in their responses 

10 ZE-IR-107, to define how much renewable energy each island could incorporate. The 

HECO and the HELCO responses to ZE-IR-107(c) contain no kilowatt-hour figures at 

all. The MECO response to ZE-IR-I07(c) contains no kilowatt-hour figures for potential 

curtailment of non-renewable energy generafing facilifies, and contains no kilowatt-hour 

figures for actual curtailment of renewable or non-renewable energy generafing facilities. 

The Hawaiian Electric Companies' responses to ZE-IR-107(d) contain no kilowatt-hour 

figures at all. 

As a result ofthe Hawaiian Electric Companies' refusal to answer Question 1 (as 

posed to the Flawaiian Electric Companies in the fomi of ZE-IR-107), Zero Emissions 

moved to compel the Hawaiian Electric Companies to provide responses to ZE-IR-107(c) 

and ZE-IR-107(d) in Motion of Zero Emissions Leasing LLC to Compel Hawaiian 

Electric Companies to Provide Responses to Information Request, filed March 8, 2010 



(the "Motion to Compel"). In its Memorandum in support ofthe Motion to Compel, Zero 

Emissions argued: 

The Hawaiian Electric Companies' excuses for not providing the 
requested kilowatt-hour figures do not wash. The Hawaiian Electric Companies 
know or can reasonably estimate the kilowatt-hours of reduced generation from 
their dispatchable non-renewable generation when they cycle that generation up 
and down during a typical 24-hour load cycle. The Hawaiian Electric Companies 
know or can reasonably estimate how many kilowatt-hours they currently are 
receiving from as-available renewable generafion during a typical 24-hour load 
cycle, how many hours that as-available renewable generation is being curtailed 
during a typical 24-hour load cycle, and how many kilowatt-hours of electricity 
from as-available renewable generation are currently being curtailed during a 
typical 24-hour load cycle. The Hawaiian Electric Companies know or can 
reasonably estimate capacity factors of as-available renewable energy generation 
for displacing dispatchable non-renewable generation with as-available renewable 
generation. The Hawaiian Electric Companies know the regulating capacity of 
their must-run and dispatchable non-renewable generation. The Hawaiian 
Electric Companies can reasonably estimate how much as-available renewable 
energy coidd be added to the grid of each island without compromising eleciric 
system reliability based on the regulafing capacity ofthe utility's must-run and 
dispatchable non-renewable generation, taking into account any displacement of 
the utility's dispatchable non-renewable generation by the added as-available 
renewable energy generation. 

Zero Emissions believes that the Hawaiian Electric Companies do not 
want to answer ZE-IR-107(c) and (d) because they do not want to admit that there 
is a positive, substantial and reasonably ascertainable amount of as-available 
renewable energy that could be added to the grid of each island without 
compromising electric system reliability based on the regulating capacity ofthe 
utility's must-run and dispatchable non-renewable generation, taking into account 
any displacement ofthe ufility's dispatchable non-renewable generation by the 
added as-available renewable energy generation. 

In the HECO Companies' Memorandum in Opposition to Motion of Zero 

Emissions Leasing LLC to Compel Hawaiian Electric Companies to Provide Responses 

to Information Requests, filed March 15, 2010 (the "HECO Opposition Memo"), the 

HECO Companies do not deny that model inputs -- such as the number of kilowatt-hours 

of reduced generation from their dispatchable non-renewable generafion when they cycle 

that generation up and down during a typical 24-hour load cycle, the number kilowatt-



hours they currently are receiving from as-available renewable generafion during a 

typical 24-hour load cycle, the number of hours that as-available renewable generation is 

being curtailed during a typical 24-hour load cycle, the number of kilowatt-hours of 

electricity from as-available renewable generafion that are currently being curtailed 

during a typical 24-hour load cycle, the capacity factors of as-available renewable energy 

generation for displacing dispatchable non-renewable generation with as-available 

renewable generation and the regulating capacity of their must-run and dispatchable non­

renewable generation - carmot be reasonably estimated. In the HECO Opposition 

Memo, the HECO Companies do not deny that that there is a positive, substantial and 

reasonably ascertainable amount of as-available renewable energy that could be added to 

the grid of each island without compromising electric system reliability based on the 

regulating capacity ofthe ufility's must-run and dispatchable non-renewable generation, 

taking into account any displacement ofthe utility's dispatchable non-renewable 

generafion by the added as-available renewable energy generation. 

Question 1 (in the form of ZE-IR-107) is answerable by the HECO Companies. 

The HECO Companies can answer Quesfion 1 (in the form of ZE-IR-107) using the 

General Electnc PSLF "Transient Performance" electric system models that have been 

developed for the HECO Companies, using ratepayer and taxpayer funds, for the grids on 

each ofthe islands of Hawaii, Maui and Oahu,^ and the '*Simulink" electric system model 

^ See Terry Surles, "Status of Big Island, Maui and Oahu Projects," (Hawaii Natural Energy Institute 
October 19, 2009), accessed on March 20, 2010 at www.hnei.hawaii.edu/docs/publications/HCEI 10192.ppt 
(the "HNEl Status Report") (attached as Anachment A hereto); GE Global Research and University of 
Hawaii "Maui Electrical System Simulation Model Validation," (U.S. Department of Energy November 
2008) (the "Maui Model Report") (attached as Attachment B hereto); GE Global Research and Universit>' 
of Hawaii, "Summary Report on Stakeholder Workshop" (U.S. Department of Energy November 2007) 
(the "Hawaii Model Summary Report") (relevant portion attached as Attachment C hereto). 

http://www.hnei.hawaii.edu/docs/publications/HCEI


developed for the grid on the island of Lanai (the "Electric System Models").^ The GE 

PSLF Transient Performance model simulates transient stability and long-term 

dynamic stability ofthe electric system, i.e., reliability, from the addition of as-available 

renewable energy such as wind."" The Simulink model, using an "eMEGASim" real-time 

simulator, simulates overall stability and transient responses, i.e., reliability, ofthe Lanai 

grid from the addition of intermittent photovoltaic distributed generafion.^ The Electric 

System Models have been validated for the grids ofthe islands of Hawaii, Maui, Oahu 

and Lanai.^ 

The very purpose ofthe Electric System Models is lo answer Question 1. Terry 

Suries of Hawaii Natural Energy Insfitule states that these models are, "Sufficiently 

accurate to provide reasonable comparisons of impacts on system metrics due to 

technology, policy or operational choices," and that their "Results can be used by 

informed analysts, not requiring detailed power system engineering."^ Question 1 is 

answerable by the HECO Companies using the Electric System Models. 

In the HECO Opposition Memo, the HECO Companies assert: 

... Hawaiian Electric is not able to provide the amounts by which energy can be 
curtailed during a 24 hour period ... 

5ee "Sandia National Laboratories uses Real-Time Simulation to Shed Light on the use of Photovoltaic 
Distributed Generation in Hawaii," (Opal RT Technologies "Planet-RT' December 2009), accessed on 
March 20, 2010 at hnp://www.opal-rt.com/success-storv/sandia-national-laboratories-uses-real-time-
simulation-shed-light-use-photovoltaic (the "Lanai Model Report") (attached as Attachment D hereto). 
'' HNEl Stanis Report at 8, 10. 
' Lanai Model Report. 
^ See HNEl Status Report at 25 (Oahu "Models have been developed, validated and reviewed by ITechnical 
Review Committee] made up of national and international experts"); Maui Model Report at I ("The 
modeling, validation and management team is comfortable with the level of accuracy for... the GE 
PSLF^'''... [model] ofthe MECO system for the application of these tools to system scenario analysis"); 
Hawaii Model Report at Appendix B ("Models have been calibrated and validated against historical data to 
the liigh degree of accuracy required to meet project objectives"); Lanai Model Report ("... using physical 
hardware ... Sandia conducted extensive testing ... to determine whether the positive results received with 
the Simulink/SimPowerSystems models remained accurate. ... Preliminary results for generator transient 
responses and PV output have been positive.") 
' HNEl Status Report at 9. 
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... there is no single number that could be provided in response to this 
information that would be accurate ... 

... any attempt at a precise response would also be speculative ... 

... basing any decision to add one type of resource based on an assumed level of 
curtailment of another type of resource would be speculafive and inconsistent 
with preserving the reliability ofthe utility electric system. Similarly, the use of 
historical system information without considerafion of reasonably anficipated 
system addifions or operational conditions, is also inconsistent with a meaningflil 
assessment of system reliability ... 

The HECO Companies' assertions that answers to Question 1 (in the form of ZE-

IR-107) would be "speculafive" and "inconsistent with a meaningfijl assessment of 

system reliability" is to deny the very existence and validity ofthe Electric System 

Models that the HECO Companies themselves have developed and validated for the grids 

on each ofthe islands of Hawaii, Maui, Oahu, and Lanai. The HECO Companies' 

assertion that Question 1 is unanswerable because any answer would be "speculative" 

and "inconsistent with a meaningful assessment of system reliability" is false because the 

HECO Companies possess validated Electric System Models, and either know or can 

reasonably estimate the model inputs, needed to produce meaningful and non-speculative 

answers to Question 1 that are "Sufficienfiy accurate to provide reasonable comparisons 

of impacts on system metrics due to technology, policy or operafional choices." 

IIL ZERO EMISSIONS SUPPORTS OPENING OF A NEW DOCKET TO 
INVESTIGATE ESTABLISHMENT OF THE BPF RELIABILITY 
STANDARDS. 

In its filing submitted on February 8, 2010, Blue Planet Foundation proposed 

formal bulk electric system reliability standards governing the Hawaiian Electric 

Companies' electric systems ("Hawaii NERC RS") that would be (i) equivalent to the 

formal bulk electric system reliability standards ("NERC RS") administered by the North 

13 



American Electric Reliability Corporation ("NERC"), (ii) developed in the future 

pursuant to a future stakeholder-driven process, overseen by an independent entity, and 

(iii) upon completion, administered by an independent enfity, such as a Hawaii 

Independent System Operator ("HISO"). The NERC RS can be found on-line at 

http://www.nerc.com/files/Reliability_Standards Complete Set 2010Jan25.pdf where 

they run 1074 pages. 

Zero Emissions joins in and supports adopfion of a Hawaii NERC RS based on 

NERC RS. Zero Emissions believes, however, that adopfion of a set of reliability 

standards running to 1074 pages and governing interconnection of all generafing facilifies 

to the electric systems of the HECO Companies is a task that is likely to take at least 2 

years and justifies the opening of a separate investigatory docket by the Commission. 

Zero Emissions believes that it is not necessary to wait 2 years or more for the 

implementation of reliability standards based on NERC RS before getting an answer to 

Quesfion 1 and so proceeding with implementafion of a genuine feed-in tariff, such as the 

CEM/ZEL proposed Schedule FIT, that obliges the HECO Companies to purchase as-

available renewable energy up to an amount that does not compromise electric system 

reliability (based on the answer to Quesfion 1) and that makes economic sense (based on 

the answer to Question 2). The HECO Companies' own reliability standards in Rule 14H 

provide an adequate technical basis for determining whether the addition of a given 

amount of as-available renewable energy to the grid of each island would compromise 

the reliability ofthe utility electric system, for purposes of answering Question 1. The 

HECO Companies possess the electric system models, and know or can reasonably 

estimate the quantitafive inputs for such models, to reasonably esfimate how much as-

14 
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available renewable energy could be added to the grid of each island without 

compromising electric system reliability based on the regulating capacity ofthe utility's 

must-run and dispatchable non-renewable generation, taking into account any 

displacement ofthe utility's dispatchable non-renewable generafion by the added as-

available renewable energy generation. 

IV. THE HECO RS REPORT AND THE HECO RSWG PROPOSAL ARE 
BUILT ON THE FALSEHOOD THAT QUESTION 1 IS 
UNANSWERABLE 

Instead of proposing a true set of "reliability standards," like Rule 14H (as re­

iterated in the CEM/ZEL Reliability Standards) or NERC RS (as proposed in the BPF 

Reliability Standards), that would provide an objective basis for determining whether 

addition of a given amount of as-available renewable energy would compromise 

reliability ofthe utility electric system and, therefore, that would provide an objecfive 

basis for answering Question 1, the HECO Companies (1) filed a ''Report" that proposed 

a 0 MW cap on the amount of as-available renewable energy that the ufility might 

purchase on the islands of Hawaii, Maui, Molokai and Lanai, and a 60 MW cap on the 

amount of as-available renewable energy that the utility might purchase on the island of 

Oahu, and (2) proposed convening of a "Reliability Standards Working Group," 

redundant to the ufilities' Integrated Resource Planning processes, in which the FIT 

docket inter\'enors would have no procedural rights lo obtain answers lo Question 1 fi-om 

the HECO Companies, and in which the HECO Companies would never have to answer 

Question 1. 

Basically, the HECO Companies are falsely implying, in the HECO RS Report 

and the HECO RSWG Proposal, that Quesfion 1 is unanswerable and that, therefore, the 



Commission should assume that the answer to Question 1 is 0 MW for the islands of 

Hawaii, Maui, Molokai and Lanai (and 60 MW for Oahu), until completion of a 

"Reliability Standard Working Group" process in which the HECO Companies would not 

be committed or obliged to answer Question 1. 

The purpose ofthe HECO Companies' proposals in the HECO RS Report and the 

HECO RSWG Proposal is to evade answering Quesfion 1 and so avoid establishment of a 

FIT that results in any displacement of any dispatchable non-renewable generation by as-

available renewable generafion. 

A. THE HECO RS REPORT AND THE HECO RSWG PROPOSAL 
FALSELY IMPLY THAT QUESTION 1 IS UNANSWERABLE BY 
CONCEALING THE EXISTENCE OF THE VALIDATED 
ELECTRIC SYSTEM MODELS AND BY CONCEALING ANY 
QUANTITATIVE RESULTS THAT COULD BE OBTAINED 
FROM THE VALIDATED ELECTRIC SYSTEM MODELS. 

The HECO RS Report and the HECO RSWG Proposal falsely imply that 

Question 1 is unanswerable by concealing the existence ofthe validated Eleciric System 

Models, and by concealing any quantitative results that could be obtained from the 

validated Eleciric System Models.^ The HECO RS Report and the HECO RSWG 

' The "HECO Distribution System Analysis" at pp. 13 and 19 of Attachment 1 to the HECO RS Report 
mentions the GE PSFL software, but does not mention the existence ofthe validated GE PSFL electric 
system model for the island of Oahu and does not present any quantitative results obtained from the 
validated GE PSFL electric system model for the island of Oahu. 
^ The "Evaluation of Distributed Generation" at Anachment 2 to the HECO RS Report, the "Evaluation of 
System Balancing and Frequency Control" at Attachment 3 to the HECO RS Report, and the "Evaluation 
of HELCO and MECO Excess Energy and Curtailment" at Attachment 4 to the HECO RS Report do not 
mention the existence ofthe validated GE PSFL electric system model for the island of Hawaii and do not 
present any quantitative results obtained from the validated GE PSFL electric system model for the island 
of Hawaii. The "Evaluation of System Balancing and Frequency Control" at Attachment 3 to the HECO 
RS Report and the "Evaluation of HELCO and MECO Excess Energy and Curtailment" at Attachment 4 to 
the HECO RS Report do not mention the existence ofthe validated GE PSFL electric system model for the 
island of Maui and do not present any quantitative results obtained from the validated GE PSFL electric 
system model for the island of Maui. The "Lanai Analysis" at Attachment 5 to the HECO RS Report does 
not mention the existence ofthe validated Simulink electric system model for the island of Lanai and does 
not present any quantitative results obtained from the validated Simulink electric system model for the 
island of Lanai. 

16 



Proposal make no mention ofthe existence of the validated Electric System Models. The 

HECO RS Report and the HECO RSWG Proposal contain no quantitafive evidence - of 

the effects on electric system reliability from the addition of a given amount of as-

available renewable energy — that could be obtained from the validated Eleciric System 

Models. 

The HECO Companies omitted any mention ofthe existence ofthe validated 

Eleciric System Models, and omitted any quantitative results that could have been 

obtained from the Electric System Models, because the HECO Companies do not want 

the Commission lo know that the validated Electric System Models exist, that the HECO 

Companies could use the validated Electric System Models to answer Quesfion 1, and 

that Question 1 is answerable. The HECO Companies are concealing, from the 

Commission, the existence ofthe validated Electric System Models, and are concealing, 

from the Commission, any quantitative results that could have been obtained fi-om the 

Electric System Models, because the HECO Companies do not want the Commission to 

know that there is a there is a positive, substantial and reasonably ascertainable amount of 

as-available renewable energy that could be added to the grids on Hawaii, Maui, 

Molokai, Lanai and Oahu, and a reasonably ascertainable amount of dispatchable non­

renewable energy that could be displaced by such added as-available renewable energy, 

without compromising reliability. 

By misleadingly omitting any mention ofthe validated Electric System Models 

and misleadingly omitting any quantitative results that could be obtained from the 

validated Electric System Models, the HECO Companies would have the Commission 

believe that Question 1 is unanswerable. Question 1 is unanswered, not because it is 
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unanswerable, but because the HECO Companies have the validated Electric System 

Models and refuse to use them to answer Question 1. 

B. INSTEAD OF TRUTHFULLY ANSWERING QUESTION 1 USING 
THE VALIDATED ELECTRIC SVSTEM MODELS, THE HECO 
COMPANIES FALSELY IMPLY THAT QUESTION 1 IS NOT 
ANSWERABLE FOR OAHU AND FALSELY ASSERT THAT THE 
ANSWER TO QUESTION 1 IS 0 MW FOR HAWAII, MAUI, 
MOLOKAI AND LANAI. 

1. INSTEAD OF USING THE VALIDATED ELECTRIC SYSTEM 
MODEL TO TRUTHFULLY ANSWER QUESTION 1 FOR 
OAHU, THE HECO COMPANIES FALSELY IMPLY THAT 
QUESTION 1 IS NOT ANSWERABLE. 

Instead of using the Electric System Model that has "been developed, validated 

and reviewed by [Technical Review Committee] made up of national and intemational 

experts" to truthfully answer Question 1 now for Oahu,' the HECO Companies falsely 

imply that Question 1 is unanswerable now for Oahu by falsely stating that an answer to 

Question 1 will require "additional more refined studies ... over the course ofthe next 

year, in fime to support the next FIT Reliability Standards update."'' It can be inferred 

from the HECO Companies' concealment ofthe validated Electric System model for 

Oahu, and the HECO Companies' concealment of any quantitafive results from the 

validated Electric System Model for Oahu, that the answer to Question 1, ascertainable 

now using the validated Electric System Model for Oahu, is substantially more than the 

60 MW figure, which the HECO Companies are willing to admit is a lower limit on the 

answer to Question 1. 

The HECO Companies' proposed 60 MW cap on the amount of as-available 

renewable energy that should be added to the Oahu grid is merely the product ofthe 

HNEl Status Report at 25. 



Oahu peak demand and the 5% initial system cap, which the Commission implicitly 

acknowledged was based on a guess. The proposed 60 MW cap is just a guess because it 

was not obtained from the validated Electric System Model for Oahu. The "HECO 

System Distribution Analysis," at Attachment 1 to the HECO RS Report, contains no 

information about the assumptions or inputs for the model used in that analysis, and . 

contains no evidence that the model used in that analysis was validated for the Oahu grid, 

or that il was capable of yielding an accurate answer lo Quesfion 1. 

In 2007, HECO issued a Solicitation of Interest for Non-Firm Renewable Energy 

Projects: Island of Oahu (the "2007 HECO RFP") that requested proposals for 100 MW 

of as-available renewable generation on Oahu. HECO must have believed, based on its 

own internal electric system modeling, that the answer lo Question 1 was al least 100 

MW for Oahu when il released the 2007 HECO RFP. HECO's issuance ofthe 2007 

HECO RFP shows that Question 1 was answerable in 2007 using whatever internal 

eleciric system model HECO had in 2007. If Quesfion 1 was answerable in 2007 for 

Oahu, il must be answerable now for Oahu, not "next year, in lime to support the next 

FIT Reliability Standards update." 

2. INSTEAD OF USING THE VALIDATED ELECTRIC SYSTEM 
MODEL TO TRUTHFULLY ANSWER QUESTION 1 FOR THE 
ISLANDS OF HAWAII AND MAUI, THE HECO COMPANIES 
FALSELY ASSERT THAT THE ANSWER TO QUESTION 1 IS 
0 MW FOR THE ISLANDS OF HAWAII AND MAUI. 

Instead of using the validated Electric System Model to truthfully answer 

Question 1 for the islands of Hawaii and Maui, the HECO Companies falsely assert that 

Ron Davis, "HECO System Distt-ibution Analysis," Attachment 1 to HECO RS Report at p.2. 
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the answer lo Question 1 is 0 M W for the islands of Hawaii and Maui '^ by falsely and 

misleadingly asserting that the utility would choose to reduce the regulafing capacity of 

the utility's entire dispatchable non-renewable generafion lo zero with the addition of any 

as-available renewable energy lo the grid for the islands of Hawaii and Maui. In 

Attachment 4 to the HECO RS Report, the HECO Companies falsely and misleadingly 

assert that the utility would choose to reduce the utility's entire dispatchable non­

renewable generafion to its "min imum" level, and thus minimize the regulating capacity 

available from such dispatchable non-renewable generafion, with the addition of any as-

available renewable energy to the grid for the island of Hawaii.'"' Basically, the HECO 

'̂  The HECO Companies assert, at p. 4 ofthe HECO RS Report: 
... Due primarily to the high level of existing and planned renewable resource penetration on the 
MECO and HELCO systems, the studies indicate that there is minimal to no room at this time to 
accommodate additional renewable resources (FIT or otherwise) without significant curtailment of 
eitherexistingorplannedrenewableresources. or a threat to system reliability. ... 
'̂  The HECO Companies assert in Attachment 4 to the HECO RS Report ("HECO RS Att. 4"): 

There is a potential reliability risk operating near minimum output on dispatchable units. 
The minimum dispatchable output for each dispatchable unit is determined by the lowest level of 
stable operation on the generating unit. Operating below this level can result in the unit tripping 
offline or cause deviations from environmental permit requirements. When all units are near the 
minimum output, the system is vulnerable to failure for loss-of-load events. The ability ofthe 
units to back down for high frequency excursions is limited and the units may be driven offline. 
The present regulating reserve down requirement has been set at the minimum regulating reserve 
down for the single contingency loss of load during minimum load (off-peak) conditions. Loss of 
more than this amount {6 MW on the MECO system, 9 MW on the HELCO system) can drive the 
responsive units (through their droop response) to below their stable operating point and risk loss 
ofthe units, or prolonged high-frequency excursions which may cause trips of other generation 
and cascading outages. The potential loss of load is larger during daytime conditions ... {HECO 
RSAit. 4 at 6) [emphasis addedl 

...during high variable output, in the absence of significant load growth the HELCO system 
cannot accommodate all future and existing RE even if all dispatchable conventional generation 
operates nearly twenty four hours at near minimum output. As mentioned above, operating in 
that manner... may not be prudent due to potential reliability implications. {HECO RS Att. 4 at 
8) [emphasis added] 

... Similar to HELCO. absent significant load growth, MECO cannot accommodate all the 
existing or future renewable generation even with conventional generation backed down to 
minimum (plus down reserve) 24 hours a day. {HECO RSAti 4 at 9). [emphasis added] 
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Companies are saying that the amount of as-available renewable energy that could be 

added to the grids on Hawaii and Maui without compromising reliability is 0 MW 

because the utility would intentionally choose to compromise reliability by reducing its 

entire dispatchable non-renewable generation lo zero, and thereby reducing to zero the 

amount of regulating capacity available from such dispatchable noii-renewable 

generation to maintain reliability with the addifion of any as-available renewable energy. 

The HECO Companies assert that electric system reliability'will be compromised 

on the island of Hawaii by the addifion of as-available renewable energy "even if all 

dispatchable conventional generation operates nearly twenty four hours a day at near 

ininimum output," and will be compromised on the island of Maui by the addifion of as-

available renewable energy "even with convenfional generation backed down to 

minimum (plus down reserve) 24 hours a day."'^ [emphasis added] The HECO 

Companies use the expressions "even if" and "even with" to falsely and misleadingly 

imply that the utility's choice to reduce its entire dispatchable non-renewable generation 

to its "minimum" would help maintain system reliability. The truth is that the utility's 

choice to reduce its dispatchable non-renewable generafion to its minimum would 

compromise reliability by reducing to zero the regulating capacity from such generation. 

The HECO RS Report frames the addition of as-available renewable energy to the 

grids on Hawaii and Maui as a false "either/or" proposifion: either the added as-available 

The HELCO system will operate under extended periods with a minimal amount of 
dispatchable generation online. T îs will have an effect on ... the response capabilities for 
frequency control. MECO has similar concerns and must make additional decisions regarding 
minimum conventional generation, to cover for variability, as unlike HELCO the renewable 
energy additions are all variable. (HECO RS Att. 4 at 16) [emphasis added] 

'"* HECO RS Report at 17. 
" HECO RS Report at 23. 
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renewable generafion and existing renewable generation is curtailed to maintain system 

reliability, or the utility compromises system reliability by taking deliver)' ofthe added 

as-available renewable energy and reducing its entire dispatchable non-renewable 

generation to zero. The HECO Companies' false proposifion excludes the possibility -

which would be revealed by a truthful answer to Question 1 using the validated Electric 

System Models for the islands of Hawaii and Maui - that there exists some amount of as-

available renewable energy that could be added to the grid of each island, and some 

amount of dispatchable non-renewable energy that could be displaced by such added as-

available renewable energy, without compromising electric system reliability and without 

the need to convene a Reliability Standards Working Group to determine those amounts. 

The "Load Duration" curves shown in the HECO RS Report falsely state the 

number of hours of curtailment needed to maintain system reliability because they are 

calculated based on the false assumption that the ufility has chosen to intentionally 

compromise system reliability by reducing the utility's dispatchable non-renewable 

generation, and the regulating capacity available from the utility's dispatchable non­

renewable generation for maintaining system reliability, to zero. 

It can be inferred from the HECO Companies' concealment ofthe validated 

Eleciric System models for Hawaii and Maui, and the HECO Companies' concealment of 

any quantitative results from the validated Electric System Models for Hawaii and Maui, 

that the answer lo Question 1, ascertainable now using the validated Eleciric System 

Models for Hawaii and Maui, is substantially more than the HECO Companies' proposed 

0 MW cap on the amount of as-available renewable energy that should be added lo the 

grids on the islands of Hawaii and Maui. 
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The H E C O Companies' proposed 0 MW cap on the amount of as-available 

renewable energy that should be added to the Hawaii and Maui grids is just a guess 

because it was not obtained from the validated Electric System Models for the islands of 

Hawaii and Maui. The "Evaluation of Excess Energy and Curtailmeni," al Attachment 4 

to the HECO RS Report, contains no informafion about the model used in that evaluation, 

contains almost no information about the assumptions or inputs for the model used in that 

evaluation (except the assumption that the utility would zero out its dispatchable non­

renewable geiieration and the regulating capacity from that generation available to 

maintain reliability), contains no evidence that the model used in that evaluation was 

validated for the Hawaii or Maui grids, and contains no evidence that the model used in 

that evaluation was capaWe of yielding an accurate answer to Question \. 

If the HECO Companies' assertions were true - that the answer to Quesfion I is 0 

MW for the islands of Hawaii and Maui - then the HECO Companies would not have to 

conceal the existence ofthe validated Electric System Models for Hawaii and Maui and 

any quantitative results obtained from the validated Electric System Models for Hawaii 

and Maui, would not have to falsely and misleadingly assert that the utility would choose 

to reduce the regulating capacity ofthe ufility's enfire dispatchable non-renewable 

generation to zero with the addition of any as-available renewable energy to the grid for 

the islands of Hawaii and Maui, and would reveal the models, assumptions and inputs 

actually used for the "Evaluation of Excess Energy and Curtailment" at Attachment 4 to 

the HECO RS Report. 

3. INSTEAD OF USING THE VALIDATED ELECTRIC SYSTEM 
MODEL TO TRUTHFULLY ANSWER QUESTION 1 FOR 
LANAI, THE HECO COMPANIES FALSELY IMPLY THAT 
THE ANSWER TO QUESTION 1 IS 0 MW EOR LANAL 
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Instead of using the validated Electric System Model to truthfijlly answer 

Question 1 for Lanai, the HECO Companies falsely imply - in proposing a 0 MW cap on 

additions of as-available renewable energy to the Lanai grid -- that the answer to 

Question 1 is 0 MW for Lanai. It can be inferred from the HECO Companies' 

concealment ofthe validated Electric System model for Lanai, and the HECO 

Companies' concealment of any quantitative results from the validated Electric System 

Models for Lanai, that the answer to Question 1, ascertainable now using the validated 

Electric System Model for Lanai, is substantially more than the HECO Companies' 

proposed 0 MW cap on the amount of as-available renewable energy that should be 

added to the grid on the island of Lanai. 

The HECO Companies' proposed 0 MW cap on the amount of as-available 

renewable energy that should be added to the Lanai grid is just a guess because it was not 

obtained from the validated Eleciric System Model for the island of Lanai. The "Lanai 

Analysis," at Attachment 5 to the HECO RS Report, contains no information about any 

model used in that analysis, contains no informafion about any assumpfions or inputs for 

any model used in that analysis, contains no evidence that any model used in that analysis 

vvas validated for the Lanai grid, and contains no evidence that any model used in that 

analysis was capable of yielding an accurate answer to Question 1. 

4. INSTEAD OF TRUTHFULLY ANSWERING QUESTION 1 FOR 
MOLOKAI, THE HECO COMPANIES FALSELY IMPLY 
THAT THE ANSWER TO QUESTION 1 IS 0 MW FOR 
MOLOKAI. 

It may be inferred from the HECO Companies' concealment ofthe validated 

Electric System Models for Oahu, Hawaii, Maui and Lanai, that the HECO Companies 
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are also concealing the existence of a validated electric system model for the island of 

Molokai.'^ Instead of using a validated electric system model to truthfully answer 

Quesfion 1 for Molokai, the HECO Companies falsely imply — in proposing a 0 MW cap 

on addifions of as-available renewable energy to the Molokai grid - that the answer to 

Question 1 is 0 MW for Molokai. It can be inferred from the HECO Companies' 

concealment of a validated electric system model for Molokai, and the HECO 

Companies' concealment of any quanfitative results from such a model, that the answer 

to Question 1, ascertainable using such a model, is substantially more than the HECO 

Companies' proposed 0 MW cap on the amount of as-available renewable energy that 

should be added to the grid on the island of Molokai. 

The HECO Companies' proposed 0 MW cap on the amount of as-available 

renewable energy that should be added to the Molokai grid is just a guess because it was 

not obtained from a validated electric system model for the island of Molokai. The 

"Molokai Analysis," at Attachment 6 to the HECO RS Report, contains no information 

about any model used in that analysis, contains no informafion about any assumpfions or 

inputs for any mode! used in that analysis, contains no evidence that any model used in 

that analysis was validated for the Molokai grid, and contains no evidence that any model 

used in that analysis was capable of yielding an accurate answer to Question 1. 

V. THE COMMISSION NEEDS TRUTHFUL ANSWERS TO OUESTION 1. 

To advance a genuine FIT and the other renewable energy policy inifiatives 

contained in the Hawaii Clean Energy Agreement, the Commission needs truthful 

"* The Lanai Model Report states, "We also take the utility's model, put it into Simulink and go to our lab." 
It can be infcrted that since the HECO Companies have their own electric system model for Lanai, pre­
existing the validated Simulink Electric System Model for Lanai, then the HECO Companies also possess 
their own electric system model for Molokai. 
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answers to Quesfion 1, not a "Reliability Standards Working Group" designed to evade 

an answer to Question 1. The Commission can get a truthful answer to Question 1 in at 

least 3 different ways: 

(1) The Commission could grant Zero Emissions' Mofion to Compel the 

HECO Companies to answer ZE-IR-107; 

(2) The Commission, acting sua sponte, could order the HECO Companies, to 

answer Question 1, in the form of PUC-IR-IOl or any other form that the 

Commission thinks proper; 

(3) The Commission could appoint a qualified independent expert, such as 

National Renewable Energy Laboratory, to investigate the HECO 

Companies' electric systems and use the Electric System Models to 

answer Question 1. 

An answer to Question 1 is needed as a first step to determining how much as-

available renewable energy the ufilities should be obliged to purchase under a FIT. A 

truthful answer to Question 1 would make unnecessary a Reliability Standards Working 

Group in this docket. 

Establishing the "Reliability Standards Working Group" proposed by the HECO 

Companies and not obtaining an honest answer to Quesfion 1 would be to delay by years, 

if not forever, implementation of a genuine feed-in tariff, like the CEM/ZEL Schedule 

FIT, designed "to dramatically accelerate the addition of renewable energy from new 

sources." The longer the HECO Companies are allowed to evade answering Question 1, 

the greater will be the costs and risks to the public of delaying Hawaii's transition to 

renewable energy and perpetuafing Hawaii's dependence on imported oil. 
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VI. HECO COMPANIES ARE NOW PROPOSING A 60 MW REOUEST FOR 
PROPOSALS FOR OAHU. NOT A FEED-IN TARIFF. 

The HECO Companies' proposed "Tier 1 and Tier 2 Tariff is a request for 

proposals, not a feed-in tariff, because the HECO Companies' proposed 'Tier 1 and Tier 

2 Tariff lacks the 2 elements - a guarantee of payments to project owners for total kWh 

of renewable electricity produced and a guarantee of access to the grid - that create the 

quantity certainty and, therefore, the revenue certainty that project developers need to 

obtain financing for their renewable energy projects. The HECO Companies' proposed 

"Tier 1 and Tier 2 Tariff is a sham feed-in tariff because under it, the HECO Companies 

would have no obligation to interconnect a single kW of renewable energy generafion 

(even if reliability requirements such as Rule 14H are met), and would have no obligation 

to purchase a single kWh of renewable energy. Under the HECO Companies' proposed 

Tier 1 and Tier 2 Tariff, the utility would be free to pick and choose what renewable 

generation, if any, would be interconnected with the grid, and would be free to pick and 

choose (and curtail) the amount of renewable energy, if any, that the utility would 

purchase, just as it would under a request for proposals. 

With the HECO HS Report's proposal of a 0 MW cap on the amount of as-

available renewable energy that the utility w(g/(/purchase on the islands of Hawaii, 

Maui, Molokai and Lanai, and a 60 MW cap on the amount of as-available renewable 

energy that the utility might purchase on the island of Oahu, the HECO Companies' 

proposed Tier 1 and Tier 2 Tariff is now essentially a scaled-down version of HECO's 

2007 Solicitation of Interest for Non-Firm Renewable Energy Projects: Island of Oahu 

(the "2007 HECO RFP") that requested proposals for 100 MW of as-available renewable 

generation on Oahu. Zero Emissions is not aware of a single kW of renewable generafion 
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that has been placed in service on the Oahu grid as a result ofthe 2007 HECO RFP. If 

the Commission approves the HECO Companies' proposed Tier 1 and Tier 2 Tariff 

during 2010, the result will have been 3 years of wasted time to come up with a 

Commission-approved request for proposals that is not materially different from the 2007 

HECO RFP except that it is smaller than the 2007 HECO RFP by 40 MW. The HECO 

Companies' proposed Tier I and Tier 2 Tariff would take Hawaii backwards, to 2007 to 

be exact, by foreclosing adopfion of a genuine feed-in tariff, like the CEM/ZEL Schedule 

FIT, that actually would "'.. . dramafically accelerate the addifion of renewable energy 

from new sources' and ...'encourage increased development of alternative energy 

projects.'" Dc&(9 ^//7i. 

+ + * + 

DATED: Honolulu, Hawaii, March 23, 2010 

Erik Kvam 
Chief Execufive Officer 
Zero Emissions Leasing LLC 
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IS Hawaii Natural Enarpy Institute 

Partnerships Are Critical For Addressing Overarching Issues 
Facing Electricity Systems 

Electricity System Issues 

Grid Modernization: Global Climate Change Energy Security: Envinaninent Quality: 

Renewable Technologies Fuel Supplies, Critical Life cycle analyses 
Peak Demand Infrastructure PtotecUon 

None Of These Issues Can Be Resolved Without Partnerships 
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2 ^ i ^ ^ j ^ f » < « — • i j i i 



Partnerships Require Understanding and 
Can Be Difficult!! 

s ^ Hawaii Natural Enaryy InaUtirtB 

Hawaii Energy Resource Technologies for 
Energy Security 

• u s DOE ftrnded program since FY06 to develop, demonstrate, 
and deploy technologies to facilitate greater penetration of 
Hawaii's renewable resources into its energy systems 

• HNEI-Ied partnership with DBEDT and industry (General 
Electric, HECO/HELCO/MECO, Sentech), as part of a larger 
partnership with New Mexico Tech 

• Transportation (Big Island) and electricity systems models have 
been developed for the Big Island, Maui, and (currently) Oahu 

• Results are intended to address key national issues: grid 
modernization, energy security, and climate change 

• As of FYIO, this is now known as the Hawaii Sustainable 
Energy Program 
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Program is Unique in Being Able to Address Needs 
of Four Different End-Users plus the Stakeholders 

•Meet DOE mission needs - transferability of analytical tools 

An understanding of the technical impact of renewable energy deployments as they 
relate to the mainland 

Lessons for mainland systems and analytical tools for mainland grids 

• Mechanisms for addressing stakeholder needs 

-Address utility system planning needs - with accurate and usable tools 

Mechanism for evaluating new technologies lo address system impacts 

An understanding of impacts of renewable energy lcchnolog>' deployments 

-Address state (DBEDT and PUC) initiatives 

• A methodology and tool for Stale policymakers to analyze the impacts and tradeoffs of 
technologies (high penetration renewable energy) and policies (RPS). 

• An in-state capability to pcrfonn further energy analyses - starting with the PUC 

-Provide information to commercialize clean energy products and respond to 
concerns of multiple business-environment-consumcr stakeholders in Hawaii 
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Stakeholder Interviews 
What are your key energy-related metrics? 

What are your energy goals for 2020? 

Is 2020 an appropriate target for the study? 

What do you see as key global influences? 

What do you see as key energy technologies? 

What policies should Hawaii implement? 

What other energy issues concern you? 
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Scenarios Selected for Big Island Analysis 
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Electricity Infrastructure Modeling 

•Transient Performance 
(PSLF™) 

- Full network model, incorporating 
generator governors and AGC 

- Transient Stability Simulation 

- Long-Term Dynamic Simulation 

•Production Cost (MAPS™] 
- Representation of dispatch and unit 

commitment rules 

- Hour-by-hour simulation of grid 
operations for a full year 

• ^ Hawaii Natural Eficrgy Inatltute 

•;:j..v:t-

( 

-It 
Stability a Perfermance 

Operating 
conditions 

Commitmant fi Dispatch 

mance ^ ^ 

Dispatch ^ B 
constrolnts H J 

Ispatch T 



SS 

The Effort Utilized Two Energy Roadmap 

Analytical Tools: 

What They Are 
Technology neutral and objective 

Surtlciently accurate to provide reasonable comparisons ot" impacts on system metrics 
due lo technology, policy, or operational choices 

Indicative of Financial effects: who pays, who bcnctits -and by how much 

Results can be used by informed analysis, not requiring detailed power system 
engineering 

What They Are Not 
Not designed for utility operations, but for policy makers and senior management 

Not configured for rigorous engineering requirements for planning and design 

Not designed to replace IRP process 

We are clear on the distinction between operations analysis and 
scenario analysis. These tools are designed for the latter. 

Hawaii Natural Enargy InaUtutn a 

IHigh Wind Penetration Scenario 

Ciiven interest in Havvaii for increased wind farm deveiopmenl, a renewable 
energy strategy consisting mainly of increased wind utilization was considered. 
Wind capacity was increased at each uf three wind Farms on the Big Island. 

In 2007... 
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Fossil Fuel Consumption and Greenhouse Gas 
Emissions Decline in High Wind Penetration Scenario System Performance Is Impacted in High Wind 

Penetration Scenario 
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Modeling the Efficacy of "Fast, Inter-Hour" Energy Storage 

Models imply that a 5MW storage device reduces 
RMS to below that of the Baseline case 

Higher Wind Penetration Scenario 

0.12 
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Wind Storoga Storaga Storoga 

• While these modeling results are encouraging, there is a 
need to validate model results with demonstrations!!! 
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Enhanced Energy Management Scenario Examined 
Linkage Between Energy Sectors as well as 

Improved Energy Efficiency and DSM 

HELCO Energy Efficiencv/DSM Programs 

Existing: 
• Residential Efficient Water Heating Program (REWH), 
• Commercial and Industrial Energy Efficiency Program (CIEE), 
• Commercial and Industrial New Construction Program (CINC), 
• Commercial and Industrial Customized Rebate Program (CICR), 

New: 
• Energy Solution for the Home Program (ESN), 
• Residential Qualifying Income Program (RQI), 
• Residential New Construction Program (RNC), 
• Residential Direct Load Control (RDLC), 
• Commercial and Industrial Load Management (CILM). 

HELCO Programs 
Taken from current IRP 
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Enhanced Energy Management Scenario 
The peak load reduction was obtained from HELCO's most recent IRP. 

PPAs: IPP price scaled by ratio of forecasted 2018 fuel price to 2006 fuel price. 

The GWh reduction in energy sales was compared to 2018 estimates in IRP. 

1 "Baseline'5c enai 10 

WM • Ft r.' Cnorr̂ ng 

ENERGY EFFICIENCY 
Peak reduction, scaled by load/daily peak 
Resident ia l = 6MW reduction at peak, 6am to 1am 
Commerc ia l = 4MW reduction at peak, 7am to 
10pm 
Resort = 7MW reduction at peak, 6am to 12ani 

Comb ined Heat and Power fCHPt 
Uniform 7MW reduction from 6am to 10pm 

PHEV Charg ing Inot f r om IRPl 
Nighttime load "valley* filling based on a sctiedule of 
the previous days' peak and average load for 10% of 
the ligtit duty cars. Leveraged Transportation Model. 

Load Cont ro l (modi f ied f rom IRP) 
1MW of residential/commercial load control to reduce 
spinning reserve requirements. 

Reduced Energy Vulnerability Scenario 
Scenario Outline 
Hualalai Geothermal 

• 20MWDf gsothemial 
power (10MW baseioad 
lOMW of load following) 

1 . IPP owned Hualalai S Puna Geothermal 
are paid a f ixed pr ice of $140/MWh at ful l 
load and S190/MWh at min load. 

2. New geothermal p lants are must - run at 
the m in imum load. 

3. PPAs based o n avo ided cost in 2018. 

1' : -
\ 

• ^ Hawaii Natural Energy Inatituta 

iSi 

Puna Geothermal Venture 
• BMW load-foDowing, 

geothermal powfir (2MW 
tiaseload + 6MW load 
following) 
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strategic Summary 
Stakeholder Metrics 

PaJEIRftllOftl 
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(%l 
27% 
ZB% 
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36% 

In the Baseline scenario, 27% of electricity is generated from renewable energy. 

Energy efficiency, load control & PHEVs reduced variable cost and reduced wind 
curtai lment "Enhanced Energy Mgmt" results can be additive to the renewable 
energy scenarios. 

"Smarter gr id" technologies needed to accommodate substantial penetration of as-
available generation. 

New technologies (controls, energy storage, coordinating thermal generation, 
etc) will tw needed to enable increases in the penetration of wind power. 

It is not clear how to pay for these technologies. What is the business case 
and regulatory support that is needed? 

Maui Project Activities: 2007 to 
Present 

• Development and validation of electricity 
systems models - primarily funded by HECO 
with support from USDOE 
- Models currently being used for resolution of 

issues between IPP and HECO/MECO 

• Maui Regional Distribution and Systems 
Integration (RDSI) project 
- Currently described as "Maui Smart Grid" 

f ^ Hawaii Natural Energy Inrtitnta 
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Maui RDSI 
Demonstration Project 

A M Mtut ElMlric Company. LU. 

1 ^ ^ : m w s l W t t n l B a r g i r l n a a K a 

^ \ USOc^BrtrmKc^Bininr 

Hokilo 
Ht^t lPf l p 

KnhaoMD 
WrndForm ^ . ' 

IDV) n o a n r a 
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MAUI RDSI PROJECT: One of Nine to Win Out of 80 
Proposals- Project Objectives 

To develop and demonstrate a distribution automation solution 
that integrates dispatch of distribution assets (distributed 
generation, energy storage, demand response, renewable 
energy, and distribution automation) and bidkpower assets 
(central generation, energy storage, renewable energy) to 
achieve system-level benefits. 
- Reduce distribution peak loading by 15% or more 

- Improve service quality through integrated volt/var control 
- Enable consumers to manage their energy use to minimize electnc 

bills and utilize on-site renewable energy 

- Support grid stability (regulating and spinning reserves) 

- Enable greater utilization of as-available renewable energy sources 

!sa Hawai i Natura l Ene rgy Ins t i t u te 
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MAUI RDSI PROJECT-Techn ica l Challenges 

Developing a general Smart Grid platform and architecture 
• Hierarchical control - system, independent power producer, distribution 

microgrid substation/feeder, distributed generation and storage (conventional 
or renewable), customer (residential, commercial, institutional, industrial) 
Basic elements of the Smart Gr id - data, sensors, communications, 
controllable equipment, applications (models and commands) 

Recognize that applications can run at any level, using data from any level. 
Applications need to be priorit ized to avoid command conflicts. 

• Incorporating legacy equipment (with proprietary 
protocols) - interoperability 

• Not overwhelming the system dispatcher!! 
• Developing integrated, secure communications systems -

cyber-security 

Maui RDSI Project - Benefits 

S5 Hawaii Natural Energy Inatltute 21 

MECO 
• Improved gr id stabili l) ' 
• Rcducfd use of petroleum 
• Better dislnbution voltage mansgemcnl 
• Incorporate more as-available renewable e n e r ^ 
• Integration ot generation dispatch, IPP, demand response, A M I , distribution 

management, outage response functions 
• Improved capability to elTcctively manage data flow for effective decisions 

F i rs t W i n d 

• Sell morecncT^' 
Customer 

• Improved service quality (voltage management) 
• Lower energy bills 

State o f H a w a i i 

• Less petroleum use 
• Better use ofindigcnous renewable encrg>' resources 
• Reduced greenhouse gas emissions 

D O E 

• Smart Gr id archilecture - solution for tntcgraling multiple Smart Grid functions at 
customer, distr ibution, transmissiun, generation, IPP levels - applicable to mainland 
systems 

P ^ Hawaii Natural Energy Inatitute -,2 



Maui RDSI Project- Successes to Date Maui RDSI Project-Where are we now? 

Identified demonstration site that had to change due to 
economic downturn - Wailea sub-station chosen rather 
than proposed Maui Lani sub-station 

Data collection and model development 

Targeting utility system problems and relate to objectives of 
RDSI initiative 

Progress on architecture design - integration of utility 
(planning, operations, customer services), customers, 
independent power producers, vendors - Key points are: 
• Meet the requirements ofthe contract with DOE 
• Appropriately address the needs ofthe utility 
• Don't plan to just tack equipment on the system 
• Work with end-use community where possible 
• Developing solutions to meet all stakeholders' objectives 

s Hawaii Natural Energy Institute 23 

Planning - First report will come out ahead of new 
schedule 

• Selecting functions, feeders, substations, customer premises, 
communications 

• Choosing equipment and integration/interconnection points 

Design 
• Smart Grid architecture and control hierarchy 
• Information flows and communication links 
• Functional specification ofthe demonstration 
• Incorporating MECO and HECO demand response, AMI, AGC, etc. 

functions 

Development — just starting 
• Adapting eiisting equipment, applications (e.g., ENMAC, wind turbine 

controls) 
• Developing and validating feeder models 
• Beginning development of one of the residential responsive load options -

_ _ GE Residential Energy Management optimizer with smari appliances 
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Oahu Wind Integration Study - Current 
Status 

• Outstanding issue is how to validate against something that has not 
happened. 

• Models have been developed, validated and reviewed by TRC made 
up of national and intemational experts 
- Excellent team put together by Dave Corbus from NETL 

• Scenario analyses are underway. Current scenarios may include 
- Scenario #1 - 100 MW of wind on Oahu 
- Scenario #2 - 100 MW of wind on Oahu and 200 MW on neighboring 

island 
- Scenario #3 - 100 MW of wind on Oahu and 400 MW on neighboring 

island(s) 
- Scenario #4-100 MW of solar on Oahu 
- Scenario #5- 100 MW of solar on Oahu, 100 MW of wind on Oahu, 

and 400 MW of wind on neighboring island(s) 

Basics for Sustainable, Secure 
Futures: Hawaii Can be a Leader!! 

E n v i r o n m e n t — land , 

ca rbon , wa te r , a i r 
E n e r g y - security' 

Economics — va lue to 

consumers , r e t u r n on 

inves tment 

Equi ty - fairness 

Educa t ion - technical 

u n d e r s t a n d i n g , behav io r 
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I. Introduction 
The Maui Grid Study isa jo in i smdy by Hawaiian Elccinc Company iHECOI. Maui 
Electric Company (MECO). the Hawaii Natural Energy Institule (HNEl land the General 
Electric Company (GE> It is one of ihc components of llic Hawaii Dislnbutcd Energy-
Resource Technologies foi Energy Secunty project 

The primary objcctrvc of this study is lo develop and calibiaic dynamic ar>d production 
cost models for the MECO electricity grid This is the firsi sel ofsteps in an aciivity 
dcsiipcd lo help MHCO identify technologies oi opeiating siiatciiies that wi l l enable ihc 
sy^em to manage highei amounis ofai-availablc renewable energy These models were 
validated agairtst a base ycai and wil l be used to evaluate power system expansion 
scenarios for the island of Maui This program began in January 2008 with the data 
acquisition and model development. This deliverable highJighls Ihc voJidationol'tlK 
power systems model for the island oTMaui 

In order to ensuic llic model accurately captures MHCOs present system operation, the 
model WAS calibrated and validalcd against historical data However, some of the 
operating practices that arc presently in place weic not in place m 2007 In order to 
ensure Ihc model is useful for analysis of future scenarios, the present openling 
conditiorts were generally modeled, while only some historical operating conditions wcie 
captured Significant tieialion with the HHC(J/MECO team was needed to ensure the 
model accurately captured MECO s>'sicm operation lo .i level ofr idel i ly sufficieni for the 
next phase orihisstudy'^sccnanoanalysis ofthe future MECO system). Weekly 
meetings were organized to allow the model development and validation team to present 
the results from each model Questions were asLed of the HECCMECO team to clanf>' 
system-ope rating practices Based on their responses to these tjuestions. and iheir inputs 
arvl directions based on questions tliat HECO/MECO raised. Ihe GE team n:visitcd the 
model each week, tmplemenrcd the necessary changes, and presented the latest results at 
the following meeting This document represents the Deliverable for Task 9. the 
Baseline Model Validation results The modeling, validation, and management team is 
comfortable with the level of accuracy for bolh Ihe GE P S L F ' " and GE M A P S ' " models 
of the MHCO system for the application vil ihesc lools lo system sceiwiio analysis. 

This documem is mtcrHledIo present the validation of databases cn:ated inGE M A P S ' " 
and GE PSLF^^ for tlic analysis o l the clccincal systems of MECO The databases were 
compiled based on the data provided by H t C O and MECO These data weie described 
i i \ Ihc Task 8 Deliverable, "Maui Electrical System Model Ucjclopmenl Data uHi 
Assumptions." the report on System Model Development Some of the models were 
further improved based on Ihe input provided by HECO and \1EC0 after the Task 8 
Deliverable was submitted Atlei HECO and MECO have reviewed this document, an 
exchange wil l be held lo discuss Ihe model ^'alidaiion and scenanos to be considered in 
the next task ofthe project 

A final comment is appropriate. This cffuii was piimaii lv hinded using HECO funding 
as part ofthe larger, related project thai i<: funded b> DOE As a result, some inrormation 
IS considered propnctary' by the utility and is presented here in this report as qualitative 
conclusions, allhough quantitative infoniuition has been presented to the utilitv' 
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2. Model Validation 

The Maui grid is a dynartnc system, subject to continuously changing conditions, some of 
which can be anticipated and some o fwh ich cannot From a control perspective, the load 
and the wind power production arc the primary mdepeivlcnt variables - the drivers to 
which all the short-lcrm controllable elements in the power system must be posiliuncd 
and to which they must respond. There m^ annual, seasonal, daily, minutc-to-minuie and 
second-to-sccondchan^es in (tte BioQunt (and nature) o f load served by the system The 
performance of Ihc power system iS highly dependent on the ability of the system lo 
accornmodate changes aiKJ disturbances while niainlaining quality and continuity of 
service to the customers 

The modeling exercise is aimed at captunng technical aspects o f challenges related lo 
legulation. fiequcncy cotilrol. load fol lowing and unit commitmeni within (he 
transmission system capabilities associated with the present infrastructure, including 
mtcrmilient resources such as wirvl gcneiation The quantitative analysis covered a broad 
range of timcfiamcs. including' 

• Seconds to minutes (regulation and frequency control) - Dynamic simulation, 
• Minutes lo hours (load fol lowing, balancing) - Dynamic simulation, and 
• Hours to days lunn commitment, day-ahead toad forecasting and schedules) -

Pioduclion cost simulation 

There are several (imefrimes of variability, and each timeframe has corresponding 
planmng requirements, operating practices, infonnation requirements, economic 
implications and technical challenges Much of the analysis in the first phase ofthe 
project ivas aimed at quanntalivcly evaluating the impact of exishng MECO assets, 
including wind vesoutce;;, m each o f the l imcfianws tclcvant to the performance of 
MECO's power system ]n the longest limeframe, plaruicrs look several years into the 
fumre to determine the itifrasiructurc requirements of the system based on capacity (or 
adequacy) needs This timehamc includes the time required lo permit and build new 
physical infrastructure. In the next smaller limetrame, day-to-day planning atxl 
opeiaiions must prepaie the system for the upcoming diumal load cycles. In this 
limefraine, decisions on unii commitment and dispatch of resources must be made. 
Opeibling ptactices must ensure reliable operation with Ihe available icsouiccs Ounng 
Ihc actual day of operation, the generation must change on an hour-io-hnui and minute-
to-minute basis This is ttw shortest timeframe in which economics and human decision­
making play a substantial role Uml commitmeni and scheduling decisions made the day 
ahead arc implemented 4nd refined lo meet the changing load In the shoitcsl timeframe. 
cyclc>to-cycle artd second-to-second variations m the system arc handled primarily by 
automated controls Tti^ system's automatic controls arc hierarchical, with all individual 
gencrahng facilities exhibiting specific behaviors in response to changes in the system 
that are locally observable (i.c . are detected at the generating plant or substation) In 
addition, A subset of gti^trators provide regulation by fol lowing commands fiom the 
centralized Aulomanc Generation Control ( A G O . lo meet overall sy stem connol 
objectives including system frequency. 

In the contcM of MECO. the infrastrticlurc has been modeled at difTcreni levels 

• Transient modeling, in the scconds-io-minuies timescale. to validate stability HnA 
transient performance of Ihc island grid, and 

• Pioduclion cosl modeling, in ihe houts-io-days tinwscale. to detciminc the 
operating economics ot the power system 

The production model was developed in GE MAHS^V The results of the ptoduciion cosi 
model were compared to the 2007 hisioncal operating conditions The compaiison is 
summanzed in this teport The dynamic model w i s developed in GR PSLF " . The ACHJ 
model wais developed to represent the MECO AOC Three "windows" of system 
operation were chosen and the ACiC model was calibrated and validated against Ihesc 
windows This type of simulation is rcfened to as a long-term dynamic simulation 
Additionally, nansicnt stability simulations were perlbrrtwd This included simulating 
load flows and contingencies in GE PSl.F' to ensure the mrxtcl represented actual 
system bchavioi 

2.1 Prodaction Cost Modr l ine (Cli: MAPS™ analysts) 

Production cost modeling of the MHCO system was pcitormed with GE's Multi Area 
Production Simulation (GE MAPS^^) software program This commercially available 
modeling tool has a long history of governmental, rcgulalor\, independent system 
operator and investor-owned iilitity applications This tool was used to simulate thi-
MECO production lor 2006 Uttimalcly, the production cost model provides the unit-hy-
imit production output (MW) on an hourly basis for an entire yeai of pioduclion (GWh d 
elecincily production b} each unit) T I K results also provide information about the 
variable cost orclcci i ici ly production, emissions, luel consumption, etc 

The overall simulation algontlim is based on standard Icasi-marginal-cosi operating 
piacticc That is. gcncraltn^ units that can supply power at lower marginal cosi of 
production are commined and dispatched before hij:hci maij^inal cost generation 
Commitment and dispatch are constrained by physical limitations of the system, such a*: 
transmission thermaf limits, minimum regulating reserve, and stability limits, as well a.s 
the physical limilations and characteristics ofthe power plants Significant input has 
been received from KECO and MECO, and multiple model iterations have been 
perlormed. to ensure that all physical, connwtual. and reliability rcqutiemcnis were met 

2.1.1 Mi>del Data and Assumplioa 

In order to characterize the operation ofthe MECO system in GE M A P S ' " , general 
operating assumptions were needed It wa.s understood by both GE and HECO.'MfiCO 
that the acmal operating practices vary depending on unique system events and 
conditions, such as Ihc present and anticipated wind powci production, the load lc \c l , the 
number and types of units on outage, etc. The data used in the model arc outlined in the 
Deliverables ftji Tusks 6 and 7 The model tUta and assumptions arc outlined in ttK 
Deliverable for Task 8 

To briefly sununanielhcTaslt SDelivciable. ionie ofthe inpubtoihc GE MAPs""' 
model are summanzed below 

• Sum of hourly generation as Ihe load piolitc. 



• Unit characteristics, such as heat rate curve over the entire operating range 
Maximum power poinl, minimum power point, planned and forced outages 
rales, regulating reserve capability, and emissions rates. 

• Hourly wind pow'er productiati 
• Hourly H C i S production 
• System ancj unit constraints. 

• System losses due to transmission 
• General operaimg assumptions idcscribcd later in the report) 

The unit-by-unil characicnstics are summarized in the GE M A P S " ' model The 
inciemcntal heat rate Values were compared to the MECO "ABC Heat rale Curves" to 
verily' that the conversion was peiformed accurately. The fuel cost data are an input to 
Ihe GE M A P S ' * ' model These data were provided by MECO (see Table \ ) 

Table 1: MECO thermal plant hwt cost data (S/MHBtu) frvm •Power Supply Reports 
rOTLlMI 7t||nim.ste'. 

1/1/2007 
2/1/2007 

vvvxn 
4/1/2007 
S/1/2IU7 
6/1(2007 
71112007 
B/I/20D7 
ftf 1/2007 

i n 1/2007 

11/1/2007 
12/1/2007 

t ^ C X M . OSnUATE 
9.M 

B35 
601 
S43 
t n 
SST 
991 
9 91 
10 19 

10 OS 
1030 

1132 

1469 
1625 
ISOQ 
15B2 
15 9G 
17 .\B 
1683 
1752 
IB 12 
17.51 
1758 
1892 

In order to chai»cterize ihe operation of the MECO system in GE MAPS™, gicncral 
operating assumpiiont were male. It was understood by both GE and HECO/MECO thai 
the acmal operating piacticcs wi l l change depending on unique system events, such as the 
present and anticipated wind power production and load condition, as well as Ihe number 
and types of units on Outage, etc 

The following general modeling assumptions were made 

• M14. M15, M16 were modeled as operating in dual-train combined cycle 
mode. 

• M17. M I S , M 19 were modeled as operating in dual-tiain combined cycle 
mode from 6 am lo 10 pm 

• M17, M18, M I 9 were modeled as operating in single-train combined cycle 
mode frorn 10 pm to 6 am 

• HC&S was modeled as operating on the fo t low i i ^ schedule. 
o y M W f iom 9 pm to 7 am, and 13 MW ftom 7 am to 9 pm, on 

Monday through Saairday, and 9 MW on Sunday 

• Kaheawa Wind Farm (KWI ' i was modeled based on 2007 hourly wind power 
pioduclion data (post-historical curtailmeni) 

• K I was modeled as opeialing from 6 am to 11 pm 
• K2 uas modeled as operating from 7 am to ID pm 

• M4, M5, Mb. M7, M8 and M9 were modeled as being available from 1 am lo 
10 pm 

• The regulation reserve requirement was modeled as 
o 0 M W plus half the power produciionof the Kaheawa wind farm 

The regulating reserve requirement calculation was changed lu a 
new methodology in 200ft 

o M4, M 5 , M 6 . M7, M8. M<J, MIO, M l l , M l T . M n , M M . M I 5 , 
M I 6 , M17, MIS , and M19 were modeled as the units capable of 
providing regulation. 

• There was no power pri>duction from Makila hydro plant in 2007, theicfore, 
no power production from the hydro plant was included in the model. 

• Outages were simulated in MAPS based on 2007 hisioncal outage duration by 
uml. In future analyses it is likely that the S-year average outage data, by unit. 
would be implemented in the model 

• The general commitment order was obtained from MECO as K3. K4. 
M14/15'16. M P M S . K I . i ;2. MIO. M19, M i l . M12. M n , MB. M9. M4. Mb. 
M I - 3 . X I , X 2 . M 5 . M 7 

o M10. M11 . M12. and M I ^ arc interchangeable in commitriKnt 
order 

o M4 and M6 are lower in Ihe commitmeni order than MS and M9 
due Io Ihc limit on the operating hours 

o MS and M7 are lowest in the cnmmiiment order due lo the air 
permits on NOx emissions 

o M l , M2,and M3 interchangeable in commilmcni order 
o X1 and X2 are interchangeable in commitment order 

The incorporation of these system constraints and assumptions incnused the acciuacy of 
the model with respect to the 2U07 operating year This allowed llic pn>Jecl team to 
compare the model results to the historical data in order lu ^ i n comfort in the 
implementation of the MECO system data inio iheGE MAPS™ model 

Z.t,2 RnutU of the Production Coit Model Analysts 

Based on the validationobjectivesdcvelopedat the onset of this task by the 
HECO/MECO/GE team, the results ofthe model were compared to historical data The 
GE MAPS hourly production data, by unit, and a summary table, outlining the aiuiual 
unit-by-unil energy production, annual production cu^i. annual emissions, annual fuel 
consumption, eic , were obtained from the model 

One ofthe qualitative methods foi companng model results to historical data is to 
visually compaic the hourly gcneiation, by unit type, lo histoiicnl dala over a lonf^ period 
of time (See Figure 1) The GE M A P S ^ model predicted hourly energy |irnduclion 
sirnilar to the historical 2007 production Some of the discrepancy between the two 
figures can be artribiited to unit outages occurring in MAPS that did nol historically occur 



in the same time frame Additionally, any operator intervention is not captured in the GE 
MAPS^*^ model Furthermore discrepancies bcUveen Ihc historical system operation and 
Ihe model results wi l l be discussed later in this section This qualitative comparison 
allowed the project team to gauge how accurately some ofthe operating constraints were 
being implemented m the model. 

Historical 

Flgura 1: GE MAPS™ model r«sutt< compared to hittorteat hourly generation data h>r 
200 hours, starting November 26, 2007 and ending Decflmber 4, 2007, The HAPS model 
Did not almulate ttta exact outage events as they historically occurred In 3007. 

A number o f quantitative methods for comparing the GE MAPS model results lo the 
historical dala were performed The first meihod considered the annual energy 
production, by unit type Since most production cost models consider units ofsimi lar 
type and heat rate as interchangeable, comparisons arc generally made on a unit-type 
tjasis The 2007 historical energy production was chosen as the benchmark' year. There 
are notable difleicnces between the way MECO operaled ihe system in 2007 and Hie way 
in which It IS presently operated Both some of the present operating strategies and some 
of tfie former opecalin^^ strategies were modeled i i iGE MAPS™, therefore, a very close 

comparison lo the î OO? historical year may not neccssarilv rcllecl how accurately Ihe 
model would predici system operation while analvzing scenarios for subsequent ycais 
(1 c . using posl-2007 operating practices onlyl Where reasonable, the projecl team 
modeled some ofthe opcialing practices in 2007 in order to dernon'^lratc ihc validity of 
the MAPS model to a benchmatV year The annual energy produclion, by uml ly pc, is 
shown for both Ihe 2007 historical MECO operation and ihc MAPS model in Figure 2 

Historical 
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Figure 2: Comparison or the annual energy production (MWh), by unit type, between the 
HIetorlcal 2007 Haul energy production and ttte GE MAPS™ model simulation. Note that 
The Cycling units refers to U4, ME, M6. and Mt, end the Peaking un lu retera to X I , X2, 
M1.H7, M3, MS, andllll/. 

Recognizing the limitations of the model, the project team was satisfied with the level of 
fidelity observed on a unil-by-unit basis The annual energy production, by unn type. 
compared within 1 % of historical energy production Later in this section. Ihc 
diffcrct\ccs between the model and the hisioncal dala are discussed in turlhet detail 

The second quantitative method for validating the production cosi model was a 
companion between the average MECO syslcm heat rale, based on 2007 historical dala. 
aixl the system heal rate obtained ftom iheGE MAPS™ model The heat rate is 
calculated as Ihe tola! fuel consumption on a tueltypc basis per kWh produced by thusc 
units 

Based on the results ofthe MAPS simulation, the heal raie was - f i ' . i less than ihc 
historical MECO system heat rale This indicates ihat GE M A P S ' " oveicsiimalcs Ihc 
overall system cfTicicnty by ~ i * / % , Similai to Ihe level offidelity observed in the 
HECO/KfECO production cost simulations 

The model results captured the hisioncal energy production, by unit type and the 
liisiorjcal system heal rate, within 5*/, Some ol the discrepancy between the model 
results and the historical 2007 results can be attributed to thi- tbllnwin); factors. 



> Intra-hour variability of wind/load was not captured in Ihe hour-to-bnur 
simulation tool Namral imperfect dispatch of generation due lo the present wind 
production and the wind powei production trend was not captured in the model. 

• The amount of rcgulating-up reserve available to address the decrease in wind 
prodiKhon and increase in load varies within an houi In the houi'to-hour 
simulation, the imei-houi changes in regulating restive were nol captured 

• Changes in the regulating reserve requirement may lead or lag the changes in the 
load and actual wind power production For example, the amount of reserve also 
depends on the load level and the anticipated rate of change m load Additionally, 
i f tlic wind powci IS steady. MECO may decide lo decrease tlie reserve 
requirements These decisions are made at the discretion of the operator and 
could ftot be systematically caphired in ihe model. 

• After starting some units, they do nol coimt towards the regulating reserve 
requirrmeni until a specific period of time has passed The model counts this uml 
in the regulating reserve requirement once it has been started 

• DiffercrKCS in commiimenl/dispatch during outages were i>ol captured. For 
example, K I or K2 was operated as baseload when K3 or K4 was on outage. 

• Tempoiary unit de-ralings occuned dunng 2007 hisioncal operation. These dc-
ratings were not captured in the model. 

• A detailed list o f the unique operating conditions, generally not captured m 
production models, IS provided in Docket No 2006-0387. For example, 
performance tests were performed on M18 in 2007, M13 was only in operation 
for half of 2007 and rehimcd to operanon on July 9, 2007. and biodiesel Fuel 
testing was performed on some ofthe diescl-fircd units in 2007 

• HCAS was modeled on a f i \cd schedule, not on the actual historical pruduction 
from 2007 This was done lo ensure the validity o f the model for scenanos 

2. I.J Conclusions of Ihc Production Cosi Model ing 

The project team agreed that the production cost model of Ihe MECO system accurately 
capttued the energy production, by luut type, wi ihin 1 % and the system heat rate within 
S% The GE team is satisfied with ihe level of fidelity o f the production cost model and 
recognizes that some o f the discrepancy between actual hisioncal production and 
simulate production can be attributed to a list o f factors described above. The project 
team believes thai the use o f this tool in analyze system scenarios on the MECO system is 
appropnate for future phases ofthe project 

2,2 TraDsicnt Stabil i ty and LoBf-Tenn Simnlations ( C E PSLF™ n a l y i i f ) 
Tr^msicnl and long-term d> namics simulations are used to estimate system bchaviot isuch 
as frequciKy) during wind power fluctuations and system events In combination with 
good cnginccnng judgment with the understanding of the limitations of the model, this 
type of modeling can be used lu understand Ihc impact o f transient operation o f differenl 
generators on system frequency m a seconds timeframe, and can be used by utilities to 
ensure Ihat the system frequency remains stable and within acceptable limits during 
critical operating conditions. For c^Bmplc, i f wind powci pioduclion suddenly decreases 
due lo a sudden calming of wind in the area, another generaloi must increase its 
elcctncity production as quickly as the windfarm decreased its production IDcpcnding on 

how last the gcneiator increases its pioduclion, ihe system frequence wil l dcv laie trom bl) 
Hz The dynamic simulation tool can be uicJ lo CNlimale ihe trequency excuision 
associated with this type of an event 

Long-Term Dynamic Simulations were performed tor MECO's grid using G E s Positive-
Sequence Load Flow (GE P S I . F ' " | sofhvarc Second-by-second load and wind 
variability were used to drive the full dynamic simulation of the MECO grid tor several 
thousand seconds (approximately one hour) 

2.2.1 Load Flow Daiabaic conversion 

T t e Transmission Planninit Oivision of HHCO puivided load-llow databases in PSS^H 
formal. The PSS/E dataseis were converted lo GE PSl .F ' " . The compaiison ot GE 
P S L F ' " results and PSS/E results was adequate and presented in the Task 8 deliverable 

2.2.2 Steady State Conlingtncy Simulat ioni 

2.2.2.1 N-l CoDtiDEeDciei in the 69 kV Sy i l t tn 
Based on the breaker locations m ihe singlc-lme diagram of Ihc MECO 69 KV system, an 
N-l outage of all 64 K V lines was considered for both minimum ai^l peak load cases 
Constant power loads, generator lerminal voltaic cuntiol. no tap chancer action and no 
automatic cap switching wcic assumed The list of l ines considered for the N-l 
contingencies is given in Table 2 

Table 3: ConUngency t)s1 of lines. 

Outage name 
tine 1 

lir»_2 

line 3 

lir« 4 

lirte 5 

line 6 

line 7 

line 8 

line 9 

line 10 

line 11 

line 12 

lineal 3 

iine_1< 

tine 15 

line 16 

line 17 

Outage description 
Lino MAALAEA 69 Olo LAHAINA 69 0 Circuit 1 

Lino LAHAINA 69 0 to PUUKA 69 69 0 Circuit 1 

Line LAhlALUNA 69 0 to PUUKB 69 60.0 Circuit 1 

Line LAHAINA 69 0 to L A H A L U N A 59 0 CffOlil 1 

LineMAALAEA 69 0 to KWP 69 D Crcuil 1 

Line LAHAINA 69 0 to KWP 69 0 Circuit 1 

Line MAALAEA 69 0 to UAHALUNA 69 0 Cimiil 1 

t-ine MAALAEA 69.0 to WAI1NU 69 0 Circuit 1 

LineMAALAEA 69 0 io PUUNENE 69 0 Circuit 1 

Uno PUUNENE 68 0 10 KANAHA69 69 0 Circuit 1 

Line KANAHA69 69 0 to PUKLM69 69.0 Circuit 1 

LinoKULA69 69 0toPUKLN69 69.0 Circuit 1 

L«e KEALAHOU 69 0 to KLTLA 69 69 D Ciicwl 1 

Line MAALAEA 69 0 to KEALAHOU 69 0 Circuit 1 

Une MAALAEA 69 0 to KIHEI 69 0Cirtull1 

Line KIHEI 69 0 lo WAILEA 69 0 Cifcuil 1 

Lino WAILEA 69 0 to K £ A L A M O U 69 0 Circuit 1 



2.2.3.1.1 M in imum Load Conditions 
The maximum and minimum per unit bus voltages for all contingencies duiinjj minimum 
toad conditions were evaluated and modeled, where necessary. This also iiKludes the 
maximum per unit branch loading for all contingencies during minimum load conditions 
Onc-linc diagranu of Uw base cast wid ihe contingencies aie also developed No salient 
overloading or low voltage problems were observed for minimum load conditions, in line 
with collected information of the MECO system 

2.2.2-1.2 Peak Load CondttioDs 
The maximum and minimum per unit bus voltages for all conLingcncics in the peak load 
case were also modeled and evaluated Maximum per unit branch loading for all 
contingencies during peak, load conditions and onc-l incdia^iamsof Ihc base case and Ihc 
contingencies were also developed 

The pre-contingency load f low dunng peak load condihons demonsuatc low voltage 
conditions in the radial system between PLIKLN69 and Hana Any contingencies due to 
a line outage in the 69 kV system between Maalaca aivl PUKLN69 lead to cilhet severe 
under voltage conditions in the radial 23 kV system to liana or lo voltage collapse 

Voltage collapse in this long 21 fcV radial system was observed in N-1 outage of lines 
PUUNENE-KANAHA69( l inc 10)andMAALAEA-KIHEI( l ine_151 Load Rows did 
not solve with constant power load characteristics 

The voltage issues observed in the 2) kV system to HANA are in line with the 
information shared by MECO and l-tECO during the weekly discussions Under system 
conditions ihal result in low voltages in Hana. MECO operators stan small diesel umts 
close to Hana. 

2.2.2.2 Critical Coatingcacici 

In addmon to the N- l contingency analysis of al l 69 kV transmission lines, further 
analysis was pcrturmcd based on the list of critical cases provided bv MECO and HECO 
(Table !1 

10 

Table y Ual ot crthca) cases. 

Ouiage 
name 
Inl-.tk.iK-UI 

<TiluvuE->l-' 

In l -mw^M 

Inl-tn.it.J'f 

1lU-tJVJ«-I<-

I n i t i W - i ^ 

1nli.nLjK-i« 

lnl-cni.jvr-04 

Outage 
Dcsciiptkin 

Lost ofMPP-Wai inu line(39-636) 

Lost of MPP-Kihci line l 39-35) 

Losl of NtPP-Puuncnc (39-402t 

Lost of Waiinu lie Iransformcr (636-2361 and 

Losl of Puuncne tie Iransfomier (4-4002) 

Lost ofMPP-Lahaina(J' ' -34) and 

Lost o f KWP-Lahaina (97.34) 

Lost of MPP-Kcalahou 119-655) and 

Lost ofMPP-Kihei (39-35) 

LosiofKPP-Kanaha 1.2.3 {200-202,1,2.3) 

Losl of Waiinu-Wailuk-u 23 (236-3) 

During minimum load, losl of KPP (K3 and 
K4) 

Remarks 

linc_8 

line_15 

linc_o 

liansformcr outages f N-21 

lmc_l & l inc_6(N-21 

line l J i l i n c _ 1 5 ( N - 2 i 

lines in 23 kv system 

line in 23 I T system 

generator outage 

The f i i^ i ei)Lht critical cases occur dunng peak load conditions, vihereas (tic ninth case is 
during the minimum load conditions The first three cases arc identical to N-
1 contingency cases considered in Ihe previous section The corresponding contingency 
cases are shown in Ihc remarks column Case 4 is an N-2 outage o f transformers, and 
cases S and 6 arc N-2 outages ofl ines Cases 7 and 8 arc N-l uiiiage of lines in the 23 
kV system. 

Case 9 is loss of K3 and K4 uiuls at KPP during minimum load conditions The lob l 
amoimiof lost generation due toihe toss of units K3 and k4 is re-dispatched on the three 
CTumts in service during rrunimum load conditions, which are M M . M16 and M17 
This is associated with priority levels in regulation function of the AGC apphcation in 
EMS Each of the three units picks up a fraction ofthe total losl (lencralion. 
proportionally to (he amount of its reserve. Tlie pciccntage of (he losl generation each of 
the three units picks up is as follows' M I 4 27'/., M16 27?iand M17 46*/. 

The m u i m u m and minimum per unii bus voltages foi all cnlical caus were e\'alualed as 
were the ina.Yimum per unit branch loading for all critical cases and the onc-line diagrams 
of the base case and the contingencies Cases 2a ik ]6d id nol converge due to low 
voltages in 23 LV radial syslcm to Hana, as descnbcd in the previous section 



2.2.3 t ^ n a t n i c Contingeary Anulyi is 

2.2.3.1 C r i t k a l Clearing Times 

Dynamic contingency analysis was perfonned on the critical cases provided by MECO 
(Table 31. According to the information provided by MECO. typical cleanng times fur 
zone 1 faults are between 6 to 9 cycles, and typical clearing times for zone 2 faults are 20 
to 50 cycles, depending on (he line Based on this informalion. four clearing time 
combinations were chosen for the dynamic contingency analysis 

Angle stability is maintained in all critical cases for the first three cleonng-tiroc 
combinations The last clcanng-timc combination n50ms-833nis) leads to loss o f 
synchronism for the critical cases 1.2.3.5 and b Critical case 6 leads to very low voltages 
in the radial system between PIJKLN69 and Hana 

Loss of KPP in case 9 leads to a mtmmum frequertcy of around 58.5 Hz and results in 
under-frequency load-shedding operation Loads al K IHEI B . P U K L N A. L A H A I N A l 
a n d N A P I L B 1 2 ( l l 6 M W ) tripat 58 7 Hz- Many other loads would h-ip at 58 5 H i 

2.2.3.2 Dcrmi l ion of ContingeDCics and CIcariDg Times 

Based on the critii:al clearing-time calculations ofthe previous section and aflei furihei 
consultation with MECO and HECO. contingency cases were chosen and analyzed 
Critical case 2 does not present transient instability. However, even though the 
simiJalion reaches a stable steady state after Ihc fault, the system is likely to evolve to 
significani load disconnections due voltage collapse In the transient simulations it can 
be observed thai reactive power and Ihc field cuncnl tn MPP imits arc high and sustained 
for many seconds There is signiticant risk ofthesc units experiencing reduced licld 
current due to over-excitation limiler (OEL) operation and consequently further reducing 
voltages In case OEL limitcis arc not available in (he units, the units may trip on over­
excitation protection This situation is also agtpavated by the OLTC operation that tends 
to increase the load consumption of active and reactive power during low voltage 
conditions in the 69 kV system. Cridcal case 6 does nol present transient insiabdity. but 
would result in voltage collapse 

2.2.4 Covemor /Turb lne Models 

Histoncal data of a fault al a 23 kV system on March IS. 2008 was provided lo verify 
that the proposed governor models are reprcscniative of the performance o f the difTerent 
turhincs. The event was recorded on (he MECO system on March 15. 2008. 

The dala (imit power output) is sampled every 4 seconds. The sampling data arc less Ihan 
optimal for captiuing the dynamic performance of governor response in detail. The 
Steady state and slow dynamics response ofthe governor models were improved based on 
the historical data. 

A frequency excursion similar to Ihe EMS recorded signal was imposed to the governor 
and generator models o f t k different units in service The sunulated electrical power 
was used to compare the pcrlbrmance ofthe model and the recorded data 

Modifications were made lo the database reported in the Task 8 Deliverable, mostly on 
droop settings. Most salient changes are 

Unit K4 is less responsive ihan initially rcpoiled (governor wi lh lOVo droop) Due 
to 4 second sampling data il is n<>i possible lo differentiate bet^vcen accelerating 
power and potential operation with dead band It is evident, however, that there is 
no significant change m steady slate power output during operation ai U.H U / 
above nominal. This unit will be assumed not lo pcrlbrm any significant 
contribution lu pmiiary frequency control. The same assumption wil l he made tor 
K ! , K 2 a n d K 3 
The droop of unit M6 was increased fiom initially assumed 4Vo lo 5 5* ( (5.6 M^^' 
base) The same will be used for M7 and M9 
The droop of unit M i l was increased fromirunally assumed 4*.'>io 4 5*'*(11 5 
M W base) The same wil l be used for M i l . 
The droopof unit M13 \vas increased from initially assumed 4*,'. lo 5.5% (11.5 
MWbasc) The same wil l be used fur M12 
The droop of unit X2 was increased from initially assumed 4% to lOf • (2 5 MW 
base). The same wil l be used for X I 

2.2.5 Steam Turbines on Combined Cycle Plant 

Based on historical data sets for AGC validation. Ihc models ofthe steam turbines in 
combined cycle were modified from previously reported models System frequency. Cl's 
and ST power output recorded on February 11 2008 were modeled The ST output 
smoothly follows CT operation At the time the frequency reaches 59 9 Hz, there is no 
nansicnt increase of ST power Similar behavior is observed in other combined cycle 
( M I 7 . M18Bi idM19)and in other periods of recorded data. I lcan be concluded that 
both combined cycles operate with sieam turbine admission valves fully open The 
parameters for these models arc difTerent i f (he heat recovery steam generator has one m 
two CTs in service 

2.2.6 AGC Model IraprovcmeBl 
Differenl windows of historical data were evaluated with MECO and HECO The list of 
data periods is presented in Table 4. The thiec windows higlilighted in yellow were 
selected for the purpose of improving the AGC model The main and challenging; 
objective of this section is to understand the natural response of the system without 
opemtoi action m the time frame of rmnutes, where AGC is most relevant 



Table 4: UsI of witvlows tor AGC model Improvement. 
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The block diagram of the AGC model was already picsentcd in the earlier report. The 
historical data were used to set or confirm the parameters ofthe AGC model. Tlie 
priority levels of the different units on AGC aic presented in Table 5 Parameters of 
PSLF models were modified to better represent the behavior ofthe actual system 
Several iterations were done to tunc Ihc parameters in a way (hat had acceptable results 
with the same model for thiee selected windows 

Tabia 5: Unite under AGC control and priority levels. 

Bus 
106 
I t K 
106 
107 
107 
107 

108 
lOB 
109 
109 
301 
303 
304 
305 
303 
306 
101 
102 
103 
104 

Unit 
MGS-45e 
UGS-45a 
MGS-45B 
IW1GS-67S 
MGS-67B 
MG5-679 

UGS-1011 
MGS-1011 
MGS-1213 
MGS-1213 
CT-1 M14 
C r - 2 M 1 6 
C T - 3 M 1 7 
CT-4M1B 
ST-1 M15 

ST-2 M18 
KGS-1 
KGS-2 
KGS-3 
KGS-4 

ID 
4 
5 
S 
6 
7 
0 
0 
1 
2 
3 
1 
2 
4 

5 
3 
6 
1 
2 
3 
4 

ID 
M4 
MS 
M6 
M7 

MB 
MQ 

MIO 
M i l 

M12 
M13 
U14 

M16 
M17 
MIO 
M I S 
M1B 
K I 
K2 
K3 
M 

Pnonty 
2 

Basepoini 
Basepoint 
Basepoini 
Batepoin i 

2.2.6.1 Wladoft 02/29/2008 

The projecl team selected the 02/29/2008 validation window as Ihe first window to 

validate. In ihis window, the units initially in service arc: 

• Wind Farm 

• K3 and K4 (did not respond (o frequency fluctuations) 

• M14, M I 6 , M15, M18andM19 M i d power output is Hat as the recording is 
from before the controls upgrade. 

• HC&S (did nol respond to frequency lluctualions) 

The main disturbance to the system is the wind power fluctuation that was imposed in the 
simulation. CTs are performing all regulation Frequency excursions do Iriggci a few 
normal to assist mode transitions in the AGC. AHcr llic shown data, units were manually 
started This window assisted the project team in setting AGC regulation gam; fm A C E 
and ACE integral as well as pulsating logic lor CTs 

2.2.(1.2 Window 02/11/2008 

The project team selected the 02/11/2(HI8 validanon window as the second window to 

validjie In Ihis window ihc units initially in service are 

• Wind Fann with signi lkanl vanaliuns. 

• K2. k3 and K4 K2 was manually ramped down 

a M10. M11 and M13 Umts arc verv responsive 

a Both combined cycles ate m service M16 responds lo AGC tciiulaiion requests 



• HCAS. GcnerTilion did not seem to respond to frequency The power output also 
had some oscillations thai were most likely related to steam gene (at ion/use in Ihc 
plant 

T I K main disturbance to the system is the wind power (luctuaiion Ihat was imposed in the 
simulation HC&S was also imposed in the simulations because the nucniations of the 
power outpirt cannot be controlled directly by the MECO operaiors CTs and large 
dicsels perfonned regulanon. Frequency cucur^ions trigger a few normal to assist mode 
l i ^ s i t i ons in the ACiC 

U fd i t c the prior w indow, thc la rgcd i csc l sweR insc i v i ce (M10 ,M i l andM131. These 
units are set to pnonty level 2 in the AGC and operate in Assist/Emcigency Mode It can 
be seen from the recording that once the frequency error is large enough to cause a 
nomial-to-assist transition, these units react aggressively to recover system frequency. 
The AGC parameter? associated with Assist mode and the pulsating logic of MIO. M i l 
and M13 were improved, based on this recording In the recording, MIO reacts 
somewhat differently than M l I and M l 3 This difference was discussed with Ihe 
HECO/MECO team There is no known reason for the differences The most relevant 
cbaracteristics o f the response arc similar among units and well represented in the 
proposed simulation model. 

2.2.6.3 Window 05/DI/200S 

The project team selected the 05/01/2008 validation window as the third window to 

validate. In this window the units innially in service ate: 

• Wi i td Farm with modest variations 

• K2 . K3 and 1C4 were maniBlly operated 

• M l . M2 and M3. The sum of the three units was provided in the recorded data. 
These units were nunped up manually. 

• M5 The power output does not fully respond to expected regulations request 

• MIO, M l l . M 1 2 a n d M 1 3 . Units are very responsive. 

• X2. Unit was manually ramped up 

• M16 wasout o f service; all other umts in combined cycles were on line 

- HC&S Dropped about 20 MW in about 150 seconds 

The main disturbance to the system is HC&S power reduction. The 58 7 Hz UFLS stage 
operated In the simtilahon, HC&S and units manually operated were imposed. 

There arc a few challenges associated to this window 

• HC&S switched ftom exporting to importing power during the window. Afler the 
HC&S switched f tom exporting lo importing, oidy 1-min data were available 
Most of the syslcm dynamics are exercised in less than a lOO-sccond period, 
where HC&S power drops from +7 to -7 MW During this period, there arc 
insufficient measurements to chaiaclcri7.e the HC&S variation Additional dala 
points were added to the recorded measurements, assuming that HC&S decreased 
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power produclion at a constant MW/scc talc until ii reached its lou'cst value Thi< 
assumption is closer than assuming linear inlcrpolation between every 1-minute 
sample 

• Many umts reacted about 5 to 10 seconds before HC&S dropped, causing these 
units to increase pouci produclion ( i c .they appeared to "anncipaie" HC&S'^ 
dropping out). In discussions with MECO/HECO. it was confirmed that small 
synchronization inaccuracies between signals could he cipccted. This result had 
a significant effecl in the frequency excursion observed in this window. 1 tiesc 
synchronization inaccuracies were less relevanl for slowei frequency excursions 
observed in previous windows 

• M12 and M13 increased power before the 100 sec in recordings. The frequency 
al that liiTK was not significantly off nominal to juslif j ' this power increase m 
these units 

• M i l docs not seem to niodily power according lo an AGC request l i can be seen 
titat the unri reduced power at around 400 sec even though the frequency is still 
below nominal al^cr the event. 

This historical window did not nccessanly help in improving (he simulation model, but 
showcased the model's ability to recreate this event t^ithinlhe mentioned limilations 

2.2.7 Conclnsions of the DyDaraic Modcl la f 
Various aspects of the system behavior were addressed with PSLF modeling The load 
How database vas successfully converted from the hfECO plarmmg tool The steady-
stale contingency analysis ofthe system presented conditions with voltage challenges in 
the 23 I V radial svstem out of Pukalani These simulation results were confirmed by 
HECO/MHCO as similar challenges in Ihc actual system operanon Transient simulation 
models of fast system events (faults and generation tripsi were also setup Critical cvcnis 
were simulaicd as a baseline for hiture scenario analyiis To the e\tent possible using 
available data, governor model paiamclcrs were improved based on historical data ot 
03/15/2008 The validation windows of historical data were used to Uinc the AGC model 
pararrvlers. The lesulting system model (AGC. governors, generators, network, etc.) 
captures Ihc relevant dynamics ofthe actual system in the recorded data The project 
team believes that the fidelity ofthesc dynamic models is of sufficieni quality to be used 
in the subsequent phase o l this study 
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Background 
Hawoii must make decisions about its energy future Ideolly. energy should be abundont. 
reliable, offordoble, environmenlofly friendly, emissions-free and petroleum-independenL 
However, these characteristics really represent trode-offs. •for example, o highly reliable 
system costs more, and a bolonce must be struck between the costs of mcreosing the 
reliobility of energy supply versus the costs leconomic. social, and public health ond safely) 
of not hoving energy when it is needed Deciding on this bolonce is criiicol for the State. Such 
0 debote depends upon having accurate ossessments of the effects of energy technology, 
policy, and design choices. New technologies in renewable energy, energy use. energy 
conversion, transmission, ond storage offer opportunities lo provide dean, reliable, and 
secure energy (or Howai iot lesscosL The purpose o f the Hawai i Energy Roadmapping 
Study i i to provide Hawai i w i th the capabi t i ty af abjectivety evaluat ing its energy options 
and their true co i t s ond env i ronmenta l consequences 

The Howoii Energy Roodmopping Study is an evoluotion of the Big Islond's future electricity 
and l ionsponal ion energy options with respect to locol goals and futuie world conditions 
from a technology-neutral perspective. The US Deportment of Energy (DOEl. the Hawon 
Natural Energy Institute (HNEl). The General Eleciric Company (GE). ond the Hawaiian Electric 
company (HECOI and its subsidiary the Howoii Electric Light Compony [HELCOl have 
collectively provided - J l . S M over a two-yeor period to fund the first two phases of this 
study 

Transportation and Electricity Modeling 
In Phase 1. the study developed an evaluation process thot con effectively assess energy 
technologies and serve os guide to ihe development of energy policies In Phose 2. the 
process of evoluating various energy mlrosiructure evolution scerxinos will be used to 
identify programs thot hove the potential lo address Hawaii's need for on affordable, 
reliable, environmentally occepioble. petroleum-minimizing energy sector. 

The Eleciric System model consists of a production cost and transient pedoimance model. 
The production cost rr]odel is used to help moke decisions oboul which generators should be 
used lo produce electricity in eoch hour of the day. based on the HELCO system constroints 
This model provides information about the vorioble cost of production, emissions ond other 
operoting choractenstics. The transient periormance model is used to understand the 
impact of transient operation of different generalors on system frequency in a seconds 
timeframe Both of these models hove been validated ogomsl 2006 historical conditions and 
deemed acceptoble os o stanmg point for mfrastnjcture evolution scenarios 

The Tronsponotion Model has been developed ond volidoted ogoinst the doto provided in 
the 2005 Howaii Dotobook. The i ranspor iat ion fleet, fuel type ond vehicle type breokdown 
were used m conjunction w i th fuel demond forecosis. fuel price projections, emissions doto. 
ond land use mformatron to evoluoie economic, environmentoi. and sustoinobilily metrics 
Piesentoiions of the Tronsportotion and Electricity model results ore shown in the Appendix. 
A flow diogram of each model is shown in Figure 1 
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Figure 1: Hawaii Energy Roadmopping Models 

It IS envisioned thot this volidoied. technology-neutrol scenono evoluotion tool can be used 
by policy makers - Locol. Stole and Federal - to give insights ond direaionol estimates of 
some of the effects of adopting candidate policies or technology strotegies. The value of this 
is to inform discussions on the State's energy roadmap by more occurotely determining the 
effects of energy choices on the supporting mfrosiruciure required ond the system 
performance metrics. Stakeholders identified the relevanl metrics during a series of 
interviews m April ond Moy. A presentation of the results of the Stakeholder interviews is 
provided in the Appendix. 

The complexity of energy plonning con be demonstroted. as the metrics IcosL environment, 
reliability, oil independence, public heolth ond sofeiy. economic development, etc.l are ohen 
mutually competitive [increasing one metric may require decreosing the others to some 
exlenU While tradeoffs omong metrics are to a large extent o policy issue, there ore also 
technical issues For example, incorporoiion of os-ovoiloble energy sources beyond a cenain 
level con be shown to lead to unocceptoble levels of system stability and energy avoilability 
unless lechnicol mitigalmg measures ore odopted 



stakeholder Summit 
Based on the results of the electric and Iransponotion simulotion models and the concerns, 
preferences ond suggestions expressed by the stakeholders dunng our interviews with them. 
Ihe project teom developed tools to evaluate proposed energy policies and projects in terms 
meoningful to Howon The Stokeholder Summit was on opportunity to present the results of 
this initial phose of the projecl. to explain how we intend to apply what hos been learned, 
ond to solicit further input from the diverse interests Howon's energy sector must serve The 
objectives of the workshop were 

1. To present the copobilities of the energy sector models developed ond the 
metrics to be used to evaluate energy development options. 

2. To enoble local (couniyl. State and Federol policy makers to explain how they 
envision using this energy policy/project Assessment methodology. 

3. To present condidole "scenarios' thot we suggest using the models to evoluote 
in order to exercise tfie models' copobililies ond to provide insight into which 
strotegies would best meet the common objectives of Howon's citizens 

' I . To try to identify potential technologres or projects that improve Howaii's energy 
sector based on a consensus among o diverse group of siokeholders. 

S. Finally, to obtain additionol brood-based inputs on ihe above four items ond 
suggestions on how governments, utilities, businesses, consumer and business 
groups and other organizations could advonce our common interests. 

An oft-repeoted theme during our interviews with Hawaii stakeholders earlier this year was 
their desire to find ways for utilities, consumers, businesses ond environmentoi groups to 
coopcrote. as portners rather than adversaries, to promote clean and affordable sources of 
energy m the Stole Troditionol histoncol roles, business strotegies. and policy positions were 
rroi seen os ihe best woys to address Howaii's energy issues and. as o result, were seen as 
olso being potentially counter-productive to eoch stakeholder's Achieving its own individual 
gools This project hopes to foster constructive diolog and debote on Hawaii's energy 
choices and. by doing so. to expedite actions, policies or projects that can t3e chosen by 
consensus to promote the general good. 

Summit Results 
The Deportment of Business Economic Development & Tourism IDBEDTl. Howoiion Electric 
Company IHECO). Howoii Electric Light Compony (HELCO). ond many other stokeholders 
ossembled on September 27. 2007 at the Mornott Woikoloo. on the Big Island of Hawaii. iA 
complete list of ottendees is provided in the Appendix.) The key stokeholders were given the 
opportunity to moke introductory stotements. In the morning session, the tronsportotion 
ond electricity model results were presented, os well os the results of the stokeholder 
meetings ond the scenorios chosen for this second phase of the project. These 
presentotions ore provided in the Appendix In the afternoon session, stakeholders were 
asked to offer iheir inputs, advice and suggestions lo the project team Stakeholders offered 
comments on the overoll project strategy ond direction for future scenario evoluotion. The 
following porogrophs represent o generol summary of the Summit 

HECO/HELCO were generoNy pleosed with the level of deioil o' Ihe model results ond hope 
the model can be used to inform policymakers of trodeoffs in the electricity sector. The 
occurocy of the results of the model vohdalion effort exceeded HECO's expectotion. and 
HECO is looking fonword to continued cooperotion with the project teom. HELCO would like 
to continue cooperotmg with the project teom. especiolly smce using the volidoted models 
could predict the efficacy of some of the system design, resource investment, ond operating 
measure chonges HELCO is considenng in its on-gomg efforts to improve the electnc system 
on the Big Island. There was general agreement that the high resolution of this tool 
worronts ottention from the federal policymakers 

The State expressed O desire to continue the GE/HNEl/HECO/HELCO partnership and to 
further develop and opply the tools to help Stole policymokers identify and quontify 
tradeoffs There was generol ogreement omong the stakeholders present thoi the electric 
power model con provide answers to some of the questions the Stole is groppJing with 
concerning various energy technologies, tonff ond power purchase regulations, system 
performance metrics, and other policies. The Stole recognizes there ore legitimote 
additional costs associated with connecting large amounts of wind generation to the grid 
(spinning reserve and/or the potentiol for using other technologies to mitigate mtermittency). 
This model should be used to quontify and commumcole that impoct to policymokers. 
understonding the current program is not funded to exhaustively do this. The Stole is 
urgently trying to develop solutions to achieve lower energy prices in o world dominated by 
rising oil prices. 

In Phose 2. for each scenorio. the onolysis will provide quontitotive observotions about the 
impocts of specific technology deployments on emissions, vonable costs, etc While the 
models will not be used for detailed system design ond engineering (e.g.. eoch contingency 
ar>d foult scenario connol be considered!, and the study is not designed to maximize or 
minimize o specific goal, the models will be used lo provide ditectionoHy correct information 
obout the impact of technology choices on the economic/environmental metrics The study 
cannot be exhaustive and is not intended to reploce the HELCO IRP process. The project 
team must continue to be clear about communicoting the copobilities and limitations of the 



model. (For exomple. the production cost model is copturing the vorioble cost of electricity 
production resulting f rom diffeienl technology deployments, i i does not consider the capital 
costs, lifetime of equipment, rotes of return, e lc. although those can be separately estimated 
and incorporated in the assessment) 

The following list represents some of the stokeholder op in ions/comments f rom the Summit: 

• The model should be used to identify solutions rather ihan onolyze problems. 

• The terms of existing power purchase agreements IPPA) hove locked ihe Island into high 
prices for wind power. Going forward, the terms of new PPAs must change if the island is 
to ochieve o cost-effective renewoble energy supply It is possible ihot competit ive 
bidding will reduce the prices poid to renewoble IPPs m the fuiure. 

• Potentiol wind intermit lency mil igal ion meosures. in oddition to electric energy sioroge. 
include better spillage of wind ot Ihe windform by the wmd developer, or the use of hydro 
to provide the quick response needed when wind power suddenly declines Forecosting 
and improved generator controls may be more cost effective than a strategy 
incorporating only energy storoge. 

• If 0 biofuels industry emerges there con be compeli l ion foi it ie commodi ty between the 
transportat ion and electricity sectors on the 8iq Island 

" The increased energy security (i.e.. high use of renewoble energy f rom a very diversified 
technology base) should incorporate significont amounts of conservation, ocean thermal 
energy conversion, seawoter cooling, ond wave power Such an approach salisfies the 
energy objectives of the island Technology immaturity ond initial high cost ore two 
reosons high penetrations of oceon-bosed renewoble energy technologies moy not be 
realized by 2018. 

The following bullet list represents some of the stakeholders suggest ions provided at the 
SummiL The responses ore summonzed in itolics: 

The project teom will need lo identify wheiher the suggested technology deployments in 
2018 for eoch scenario ore ochievoble. This is a necessary step to ensure the scenanos 
ore grounded in reality. 

A request wos mode to include distributed generotion in the "enhanced energy 
management" scenario. Disinbufed technologies will represent an important port of this 
scenario 

A request wos made to identify and quantity the cost sovings of retiring old equipment 
Because this type o l aryalysis must be exhaustive and will require sgnil icant input from Ihe 
utility, ihe current program is not able to provide this analysis as port of Phase 2. 
However, this analysis could form the basis of program activnies in future portions af the 
program 

A request wos mode to examine the impact of revising existing/future PPAs. Due (o (he 
poramelric feature of the model, sensitivrtics (such os chonges in the PPAs} con be 
considered for a scenario. 
It was noted that the model did not consider the impacts of supply interruption on 
business Since the mode/ is technical in nature, the model alone cannot capture these 

impacts, nor can it capture subjective faaois. such os aesthetics and culiurol impacts ol 
certain technologies 
HELCO sees great benefit m understanding how much spinning reserve will be needed 
for odditionoj increments of wind power. Though this study is not exhaustive, the project 
teom hopes to provide 'directionally correct" insight into the effects of spinning reserve on 
additional increments of vAnd power. 
HECO showed on interest in analyzing how demond side monogement and critical peok 
pricing con be o surrogate for spinning reserve Demand side management will be on 
important component of the energy management scenario 

The Stole showed on interest m understanding the impoct of moderoiing demand ond 
shifting demand from doytime to nighttime in the energy monogement scenario This 
type of analysis can be considered in the energy management scenario. 
Natural gas con be used os o storoge option to increase the islond s energy security The 
storage ot energy commodities, such as natural gas. has not been considered. Additional 
information oboul ihe mpact of storage on fhe price of this ond other commodities would 
be required for (his onofysis. 
The stakeholders inquired otjout the feosibility of adding more wind power to the island. 
While this study cannot exhaustively analyze the mpact af additional wind power 
capacity, it can quantify the impact of increasing wind power txjlh with and without 
mil igoting measures. 



Conclusions 
The input and time contributed by the various stokeholders was opprecioted ond odds volue 
10 this study, tt should be rioted that much of the model development was o result of close 
inleroction and time spent with HECO/HELCO staff and management 

The model results were pr&sented and occepied by the stakeholders m attendance Based 
on the cofisolidoiion of stokeholder input, scenarios were outlined and presented ot the 
Summit. Wuh generol stokeholder acceptance of the scenario themes outlined ot the 
Summit, the project team has commenced more detoiled scenorio development based on 
the information and suggestions provided by the stakeholders. 

Ihe stakeholders widely occept the objectives of this study and welcome the development of 
on in-slaie copobility to evaluate policies and to better understond the systems-level impact 
of various technology decisions The Strotegic Energy Roodmop study intends to creote a 
technically rigorous framework to support this capability. 

Appendices 
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Appendix B - Scenarios & Stakeholder Interview Summary 
(Terry Surles, Larry Marltel, Devon Manzl 

Hawaii Energy Roadmap 
stakeholder Input & Scenario Formulotion 

Terry Surles Hawaii Natural Energy Institute 
Lorry Markel Sentech. Inc. 
Devon Manz GE Global Research 

Stakeholder Summit 
Objectives of todays meeting 

1. To update the assembled stakeholders: 

a. Capabilities of the models developed and the metrics 
used to evaluate options. 

b. To present candidate scenarios - developed from 
Stakeholder interviews 

c. Discuss how scenario strategies meet common 
program and stakeholder objectives 

?. To enable public and private policy mokers lo explain how 
they envision using this assessment methodology 

3. To obtain odditionol input, advice, and suggestions from 
Stakeholders on future paths for energy activities 



End Result of Today's Meet ing: O b t a i n i n p u t , 
a d v i c e , a n d sugges t i ons on ene rgy act iv i t ies 

1. Commenls on overall projecl sUalegy and direction 
Are we on the fight track, based on our earlier discussions 
with you'? 

2. Commenls and direction on future scenario evaluation 
What ore your thoughts on the most/least appropriate 
scenofios? 

3. Comments and advice on additional areas to be considered 

Are we rnissing or]ything that you (eel is important for the 
future? 

Electricity Generation by Source 2003 -
Why we need to reduce petroleum dependency 

United States Hawaii 

Scun USEIA r%wrr\ HKXl n ] KiUL U ^ k lpaB. K«C Vsm 1 
• b n u l tevota. In n ic. t n i rpp n•oon^ ir i n ElA 

Public-Private Partnerships Are Critical For 
Addressing Overarching Issues Facing the Nation's 
Energy Systems 

Energy System of the Future 

Gild HodcrnuTilion Global Climali Chanif* EnFrgt'^PCu'ity - Enviionmmt Quality 

Imnipartalion/tfeclclciiy 

None Of These Issues Can Be Resolved Without Partnerships -
The Right Kind of Partnership Fosters Innovation for Hawaii 

DOE and State Objectives - Sustainability 



DOE and State Objectives - Sustainability 

( J Inputi 

o Oulpiia 

• ^ 

Mintifg tcc^notogu wlut ioni tlML » t / i 
economic viability reduce I)i> i rpu l i & 
output* to th« t u t * o n t i o l votunM. 

Big Island Challenges 

Growing Uic nl Wind Cn inn Protil* 
wnJi Grid frequency 

Transmission 

Congestion 

-eO%of ls [andLoad ' 

High Cost/Secuiity of 

Energy - 90% 

Dependence on oil 

Phase 1 
'•-'•odeliny, VolidaLinq, ColibrcUing - Comple' ied 

Electricity and transportation sector models describe current 
Big Island energy system 

Models hove been calibrated and validated ogoinst historical 
data [o the high degree of accuracy required to meet 
project objectives 

Result: 

Analytical tools and baseline for technical and economic 
ossessnnenl of infrostruclure futures 

Con be used to establish effective parameters for future 
growth of the Big Island 

Tools not intended for day-to-day decision moking 

Development of Better Planning Tools 
is a Goal Shared by All 

Meet DOE mission needs 
• Lessons and analytical tools for Mainland grids 
• Incorporation of new technologies into grid 

Address utility system planning needs 
• Understand the implication of more renewable energy 
• Mechanism for evaluating new technologies to address system 

impacts 

Address state initiatives for customer benefits, public goods 
• understand implications of RPS and other initiatives lor 

reducing petroreum use 
• Big Island as a potential showcose for renewable energy ond 

the installation of innovative (echnologies 



Phase 2 
Energy R o a d m o p p i n g - Just s tor t ing 

Evaluate technical and economic impact of alternative energy 
infrastructure scenarios for the Big Island, storting from the 
base case 

Scenarios developed based on stakeholder inten /̂iev.'s 

Continue collaboration v^ith HECO/HELCO, state, and county 
to ensure model evolution is grounded in operational 
reality 

Work with various stokeholders (i.e.. government, end-users, 
IPPs, environmental and economic NGOsI to ensure 
concerns and opportunities ore addressed 

A Conceptual View of the Big Island 
Project 

We started w\{h an expansive view of the future 

We were 
need to get 

Now, we can 

constrained by the 
the models right 

think expansively again 

What does this study offer? 

• A calibrated and validated technical, economic and 
environmental analysis of both the electricity and 
transportation infrastructures on Ihe Big Island. 

• A methodology and tool for State policymakers and utility 
leoders to anolyze the impacts and tradeoffs of 
technologies and policies. 

• An in-state capability to perform further energy analyses. 

The ability to quantify the environmental, economic and 
technical tradeoffs of energy technologies and policies 
in the State. 

Stakeho der Engagement 



Appendix D - Results of the Electricity Model (Nick Miller) 

Hawaii Strategic Energy Roadmap 
Electric Power System 

15̂  
General Electric Company 
NiC< Mille' 

Gene Hinkle 
Scba?;ian Achilles 
Juan de Bfcdcui 
Dewcn Man,̂  

Project Approach - 50,000ft view 
In Phase 1... 

• The project team developed and validated o model of the 
HELCO system. 

• The model was used to determine how incremental 
changes (in wind, solor, geothermal, etc) impact the cost of 
electricity, emissions, imported petroleum, etc. 

In Phase 2.,. 

• Four scenarios, comprised of various technology 
deployments, will be evaluated by the project team. 

• The stakeholders have and will provide substontial 
mpLit into the scenario formulation process. 

• The model will be used lo evaluate the key metrics li.e.. 
cost of electricity. % renewable. % imported) for each 
scenario 



What does this study offer? 

• A colibroted and volidoted technical, economic and 
environmentoi analysis of the electricity infrastructure on 
the Big Island. 

• A methodology and tool for State policymokers to help 
analyze the impacts ond tradeoffs of technologies and 
policies 

• An in-state capability to perform further energy analyses. 

The ability to quantify the environmental, economic and 
technical tradeoffs of energy technologies and policies 
in the state. 

What are the limitations of this study? 

• The production cost modeling tool considers only the 
variable cost [fuel. O&M and start-up of each unit). In order 
lo fully onalyze the tradeoffs, additional information is 
needed, such as the capitol cost of a technology 
deployment. 

• The electricity model is nol an exhaustive study, nor is it a 
substitute for utility planning (HELCO IRP). 

• The model is o quantitative tool and does not output 
quolilotive issues, such as siting, aesthetics, culturol values. 
etc 

Electrical System Modeling 
The model is comprised ot VA-O spec'Tc simulcinon pcc^cges 

1. Dynamic Simulation IGE PSLF""̂ ) 
• Transient SlaDility Simulation 

- Long-Term Oynamic Simula'jon 

• Secor,!]-^, second load ^waj-.-i iri^oMy ^ r M i y 
:u!l dynaiTHc s.muljvor. o' ".he H i t r c - yna ;or 
seufltol I'lCuscnil seconas i -1 huurl 

-••:i^. ' .-J^:-iT^---
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2. Production Simulation (GE MAPS"̂ ") '« 
- Hour-by-ho j r simulot ion of y/ id operoKons joo 

2weeb 

Constructing Phase 2 Scenarios 
Impac t of add ing : 

y r^W of wind/solar/geoihermni, or 

X HW of spinning reserve, cr 

y MW of sioroge. or 

X MW of l oad . . 

O N 

Economy: Cosi of eiectnci ly lS/kv;h) 

Envi ronment . COj. SO,. NO,. (lonsi 

Energy Security: % imported cieircleum 

Sustoinabi l i ty: % renewable 

These incremental changes to ihe 
tjGseline Tiodel will be used ',o 
identify the im(jact of vonous 
lechnobijies on ochieving specific 
gools |i e . How does the addition of 
1 MW ol gecthermol energy chonge 
tos'. Qfeleciricily'l 

W I L L BE USED TO CONSTUCT 

FOUR SCENARIOS 



Production Cost Mode ing 
GE MAPSTt̂  

What is production cost modeling? 

• Throughout the yeai HELCO hos io ma*<e decisions obout which 
generators should be used to produce electricity m each hour of the 
doy. 

• This decision depends on many constraints, including the cost of 
each generator, the copobilities of the ironsmission system, and 
rules about when each generator con be operated. 

• GE MAPS^", the production cost tool used in this study, was used to 
Simulate the HELCO production foi 2006 

• Production cost modeling allows HELCO to determine the cost of 
sleclricity produclion. emissions, etc ne 

Model output aligns with production • n 
nwi>*; 

Feb 15. 2006 April 3, 2006 

The model validates annual production 
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DynomiG Simulation 
GE PSLF^̂  

What is dynamic modeling? 
Dynamic (or transient stability) modeling is used to simulate the system 
behovior Isuch as trequency) durmg transient operation 

Dynamic modeling can be used to understand the impact of transient 
operation of different generators on system frequency in a seconds 
timeframe 

Dynamic modeling is needed lO ensure that system frequency remains 
relatively stable during critical operating practices 

• eg. A gust of wind during the mghi couses o large windfarm to 
quickly produce additional electricity. If another generator is 
unable to reduce its electricity production as quickly as the 
windform picked up, the svstem frequency will deviate trom 60Hz 

GE PSLF^" was used to simulate HELCO operation 

Model results align with historical data 
, , Example: Significant Wind Fluctuation iOA/03/07) 
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What are the types of analyses we 
can perform with this tool? 
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What if IMW of wind power is added to Apollo wind farm? 
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With no otfier changes to the system, an increase in wind 
power offsets fossil fuel generation and reduces emissions 

Bul, HELCO must maintain their system frequency at 60Hz. 

Sudden changes in wind power output will affect the 
frequency, therefore increasing wind power requires some 
additional considerations. 

Is there more to this story? 

Cost 
Adders 

Wind power reduces the island's carbon footprint, 
and reduces the amount of imported petroleum, 
but... 

1) More spinning reserve will be needed - r-lore oil 
must be burned so some generation is ready to 
quickly meet changes in the system load or wind 
form output, and/or 

2) New technologies can be used to mitigate the 
mtermittency of wind power 

3) Price paid to wind producers matters. If HELCO 
poys 0 wind producer more then it costs ihem to 
produce electricity from fossil fuel generation, more 
wind power will cost the island more. 

Example: What if HELCO hod More Wind? 
Significant Wind riuctuotion on May 23-'' 200? 
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Example: Does Energy Storage Help? 
Significant Wind Fluctuotion on May Zy- 2007 

Hz " " 

- ^D sLorogp 
-Storage IIMW. EOucondU 
-StOitjqpllMW.in'inlW 

IKO ita> iHt uao UH m lum a n H B 

Time (seconds! 



Conclusions 

1. GE has developed on electricity model thot has vaiidaled on 
entire year of production based on histoncol data from 2006. 

2. The model is copoble of quantifying the environmentoi, 
economic and technical tradeoffs of incremental changes in 
power generation and other technologies, however this study 
is not exhousiive and is not o substitute for IRP. 

3 The discussion of incremental changes of various technology 
deployments from the baseline provides direction far 
scenano development 

ii. We will be opening the floor to the stakeholders, for 
discussion, this ofternoon. 

Appendix E - Summit Participants List 



Sandia National Laboratories uses Real-Time Simulation to Shed Light... http://www.opal-rt.conVsuccess-story/sandia-national-laboratories-use. 

Sandia National Laboratories uses Real-Time Simulation to Shed 
Light on the use of Photovoltaic Distributed Generation in Hawaii 

Onginally pubiisheO / ^ ^ \ 

in iheDecemDer 2CXI9"V^«W 

iE9ue ot PlanetRT - ^ ^ 

The HawaiiBn power gnd is transtorrring from diesel la renewable. 
Discover how sirrulatian and study is helping and making angineera understand how this power gnd will look in 2030 

Sandia National Laboratones uses Reai-T irra Simulation to Shed Light on the use of Photovoltaic Dittribuied Gensration in 
Hawaii 

@ 
National 

Hawaii IS heavily dependent on fossil fuel (or mo«tino its eneroy needs. Indeed. 

Oandia ' ^ ^ ^ ^ ^ ^ ' ^ ° ' ^ ^ ^ ^ state's power is currently generated by imponed foreign 
oil. This has ten Hawaiians paying the higlMit energy costs in the naljon. and 
leaves them vulnerable to foreign political instability and disruptions in supply that 

L s b O r a t O r i B S ^^'-'''^ cnpple the economy of the Pacific island chain. 

^ i l e u s mainlerxl eneryy coats typically hover at approMmately 4% of a state's 
gross domestic product (GDP), Hawaii's costs are almost tnple. approaching 11%. V^th ttie recant spike in oil prices, 
particularly in nid-2D08 when oil prices approached USSI50 per barrel, itie Impact on ttie Hawttian economy has been 
drarratic, highlighted by a 36% increase m Hawaiian tiousenold fuel and utility costs dunr>g the 2nd quarter of 2006. 

To address this issue, the State of Havraii has entered into a partnership withihe US Department of Energy to establish tne 
Hawaii Clean Enargy Initiative (HCEI), with the goel of heving 30% of Hnvaii ' i energy needs rrw by renewable sources by 
2030. 

The HCEI has been launched with a locus on three projects including "LMntl 100% R9n9wabl9M". As the name suggests, 
ttie objective of this proiect is to assist the island of Lanai in rmeiing its eventual goal of obtaining 100 percent of its energy 
from renewable sources The shorter lerm goal for Lanai is to achieve 30% of power generated from renewable sources by 
2030. 

Currently. Lanai is served by the Maui Electric Corrpany. while CasUe & Cooke. Inc. one of the US's okjesi real-estate 
developers, owns tt>e majonty of Lanai. The pnmary loads m Lanai come from two Castle and Cook Resorts, in addition to 
residential needs The total peak load profile is 12.470V. 5 5 MW Cunvntty, there ere several diesel generators that meet 
these loadir>g requirements As pan of the HCEI, 1 2MWorPhotovoilaic(PV) generation has already been installed in Lanai. 
bnnging the HECi team very dose to trie 30% goal m a very short brm. 

Photovoltaic ce/Js rvant ly deployvd in Lane! 
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Photovoltaic cells recently deployed In Lanai 

To conduct a study evaluating the impact of integrating PV with conventional carbon-based diesel generation, the HCEI enlisted the aid 
of Sandia National Laboratorfes. 

Sandia National Laboratories is a US govemnnent-ovsined/contractor operated facility that focuses on the development and application 
of technologies that ensure the homeland security of the United States. Traditionally, Sandla's focus has been primarily placed on 
ensuring the safety, security and reliability of America's nuclear weapon stockpile. However, In recent years, Sandia's focus has 
increasingly turned to the development of sustainable, clean and efficient sources of energy. 

Sandia engineers have faced two tasks in Lanai: 

2. 

Ensuring that the migration to renewable energy also provided for the contingency to add additional generaton capacity that 
could then be transmitted to other islands as part of a larger state-wide power grid. 
Demonstrating that when the PV power plant is In operation, the implementatbn of effective controls reduces the need for 
capital-intensive energy storage systems for frequency and voltage stability. 

For intermittent PV distributed generation, Sandia engineers investigated overall stability and transient responses. A simple Lanai' 
model was developed in the MATLAB/Simulink environment, illustrated in Figure 1 , and an eMEGASim Real-Time Simulator from 
Opal-RT Technologies was used to conduct real-time simulation of the hybrid power grid system. 

like" 

PV 
LOADS 

GENERATORS 

'^m^&s 

c ^^^®ie 

ca 

Figure 1 . Lanal " l ike" Matlab/Slmulink Power Grid Model 

The diesel generators were modelled using SimPowerSystems toolbox swing equations and a custom Simulmk module was devetoped 
for high-level PV generation. All of the toads were characterized primanly as distributfon lines with series resistive load banks with one 
VAR load bank. Three-phase faults were Implemented for each bus. 

"The one thing we run into when adding PV to these small systems is degradatton of frequency and voltage", sakl Benjamin 
Schenkman, a member of Sandia Nattonal Laboratories' technk:al team. "We've modelled everything In MATLAB/Slmulink with the 
SimPowerSystems software, and so far shown found it to be stable. So, what we're trying to do is see if we need to add additional 
controls or add more energy storage." 

The use of simulatkin and Hardware-ln-the-Loop testing played a critical role at this stage o f t h e study. The non-linear power ftow 
control models needed to be simulated to ensure that they would perform adequately now, as well as pave the way for integration of 
future Distributed Generation devices, such as a proposed wind farm. 

"What if we add wind or more concentrated solar, how will the system react? With this project, when running tests in 
SimPowerSystems in offline mode, you can run maybe one test per hour. To run multiple tests takes days and days and days," added 
Mr. Schenkman. 

This is where the Opal-RT eMEGAsim simulator comes in. By using eMEGAsim, whfch is driven by RT-LAB, Opal-RT's Real-Time 
Simulation platform, and ARTEMiS, an Opal-RT solver specifically designed to enable the execution of SimPowerSystems models In 
real-t ime, the simulation bottleneck was easily overcome. 

According to Mr. Schenkman, "With the Opal-RT equipment, we can actually run the simulatfons 100 t imes faster, and run tests in 
minutes that would normally take hours. And, the results have been dead on . " 

But, as is of ten the case with larger scale engineering projects like Lanai, nothing beats testing using physical hardware. As a 
consequence, Sandia conducted extensive testing at the organization's D is t r ibu ted Energy Technical L a b o r a t o r y to determine 
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whether the positive results received with the Simulink/SimPowerSystems models remained accurate. 

"Customers like to see tests done with hardware, using real generators, using real PV," said Mr. Schenkman. "So we take the Lanai 
grid, scale It down, take real generators, real PV. We also take the utility's model, put It Into Simulink and go to our lab. We test it out 
in real-time using Opal-RT equipment. And then go to Lanai and say to the customer, 'this will work ' . " 

Preliminary results for generator transient responses and PV output have been positive. Both conventtonal and advanced control 
architectures are being used to evaluate the mtegraton of the PV onto the current power grid system. 

While ahead of schedule, the work in Lanai continues. Sandia engineers still face the challenge of implementing additional non-linear 
power f lower controls into grid models and validating these models using eMEGAsim with physical Hardware-in-the-Loop at the 
Distnbuted Energy Technical Laboratory. 

For both the Sandia engineers and their customer utility, the Lanai project has been a learning experience. 

"The idea of this type of study is very new for utilities," concluded Mr. Schenkman. "Using real hardware in slmulattons has not been 
their traditional approach. Utilities often just took at whether systems are balanced or unbalanced using software that Is not very 
dynamic." 

"But by using tools like SimPowerSystems and eMEGAsim, we can remove the guesswork and can see exactly what is going to 
happen in the future." 

Appl icat ions and I n n o v a t i o n s Publ ished in Prev ious Ptanet-RT Releases 

Planet-RT March 2009 1 Opal-RT Makes Experimental Lab a Reality for University of Alberta... 

Planet-RT July 2009 j S2M Makes the Transition to HIL 

Planet-RT July 2009 | PC-based Real-Time Simulation of Large Power Systems Comes of Age at IEEE.. 

Planet-RT July 2009 | VirtualWorid 

Planet-RT June 2009 j Spanish Researchers use Real-Time Simulation to Improve Efficiency of Wind... 

Planet-RT June 2009 j Aviya Technotogies Answers the Aerospace Industry Call for D0-17BB &... 

Planet-RT March 2009 j Real Time Power Distnbution Network Simulation with RT-LAB 

Planet-RT December 2009 | Sandia National Laboratones uses Real-Time Simulation to Shed bgh ton . . . 

Planet-RT December 2009 | Real-Time Simulation Breakthroughs Help Engineers Overcome the Challenge... 

Planet-RT January 2010 | University of Michigan Researchers use Opal-RT Simulators for Analysts... 
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